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EXECUTIVE SUMMARY 
Introduction 
Reclaimed water will be a critical component of the City’s water resources portfolio and could account for 
a significant share of the total water supply at build-out. Despite a number of changes that have occurred 
since completion of its 2008 Integrated Water Master Plan, the City has continued to expand the 
reclaimed water program. The 2008 plan included a reclaimed water strategy to install a dual distribution 
system to serve the largest reuse customers throughout the City’s planning area and to recharge excess 
reclaimed water that is not directly reused. Primarily because of the slowdown in development activity, the 
City has adopted a new direction and policy away from dual distribution of reclaimed water. The City’s 
current direction and policy is to recharge all reclaimed water and to recover the water within the area of 
hydrologic impact of the recharge facilities, and to directly serve large reuse customers close to the 
recharge conveyance pipelines that wish to be connected. The new direction and policy will require an 
update to the reclaimed water elements of the 2008 Integrated Water Master Plan.  

This technical memorandum summarizes engineering and hydrogeological work conducted to update the 
reclaimed water reuse and recharge master plan for Special Planning Area 2 (SPA 2) in accordance with 
the City’s current policy. Most of the current land use development activity is in SPA 2. Figure ES-1 shows 
the study area for the master plan update. 

Existing SPA 2 Reclaimed Water and Recharge Facilities 
The SPA 2 Water Reclamation Facility (WRF) has two treatment plants. The Phase 1 WRF is a 1.2 mgd 
plant that will use a sequencing batch reactor (SBR) treatment process to produce Class A+ reclaimed 
water. The Phase 1 WRF is not yet operational.  The Phase 2 WRF is a 2.0 mgd plant that utilizes a 
membrane bioreactor (MBR) treatment process that also produces Class A+ reclaimed water and is 
currently operational.  The City plans to operate both WRFs in parallel for the foreseeable future, but all 
required future expansions will occur at the Phase 2 plant. 

The SPA 2 Phase 1 WRF has a reclaimed water storage basin and an overflow storage/recharge basin.  
The Phase 1 WRF, effluent management facilities (effluent pumping station), and recharge facilities are 
planned to be completed and put into operation in 2017. The City has constructed 2 surface recharge 
basins and 5 vadose zone injection wells at the Phase 2 WRF. The surface basins are currently 
operational while the vadose zone wells will put into operation in 2017. The total recharge capacity of the 
SPA 2 recharge facilities is estimated at approximately 2,300 acre-feet per year (AFY), or 2.1 mgd, and 
based on planned expansions, have been permitted for 3,584 AFY (3.2 mgd). 

 



SPA 2 RECLAIMED WATER AND RECHARGE MASTER PLAN UPDATE 

arcadis.com 
 ES-2 

 
Figure ES-1. Study Area 

Reuse Demand Projections 
In accordance with the new direction and policy for the reclaimed water program, only the Asante 
development in SPA 2 will be required to use reclaimed water. Also, since Desert Oasis has shown 
interest in potentially using reclaimed water to irrigate their common spaces at a future date, this master 
plan update includes their estimated reuse demands. The anticipated reuse demands are for irrigation of 
landscaping within development common areas, parks, schools, and open spaces, and are projected to 
increase as shown in Figure ES-2. 
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Figure ES-2. Projected Reuse Demands within SPA 2 

Reclaimed Water Supply Projections 
Reclaimed water production in SPA 2 was projected in three different ways: 

1. Results from the City’s water resources demand projection tool (the Demand Module) that was 
created as part of the 2008 Integrated Water Master Plan project and that was last updated in 2015. 

2. Results based on input of alternative ratio of wastewater generated to water demand in the City’s 
demand projection tool. 

3. Projections derived from population projections applied to recently observed per capita 
wastewater generation. 

Figure ES-3 illustrates the reclaimed water projections for the three methods described above. For the 
two projections that used Demand Module results, it was assumed that Buildout occurs at 2050. 

The alternative reclaimed water projections were discussed with City staff and the decision was made to 
use the projections provided by the 2015 update to the Demand Module for planning future recharge. This 
projection is aggressive early and will provide some conservatism. This is also advisable because there is 
uncertainty as to the actual hydrogeology and underground conditions that will be encountered and the 
actual performance of future recharge facilities. In addition, a decision was made to use the projections 
provided by the 75 gpcd, population-based method for planning future WRF capacities because the near-
term estimates of this projection better match flows from actual development and growth that has been 
experienced in SPA 2. 
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Figure ES-3. Comparison of Reclaimed Water Projections for SPA 2 

Projected Recharge Capacity Requirements 

Required recharge capacity is estimated as the difference between reclaimed water supply and reuse 
demands. Due to the seasonal nature of reuse demands, the maximum recharge required is typically 
during the winter when reuse demands are at their lowest. Table ES-1 provides a summary of recharge 
requirements through 2050 (build-out). The existing recharge capacity is not permitted capacity, but the 
estimated recharge capacity for the existing surface basins and vadose zone wells at the two SPA 2 
WRFs. 

Table ES-1. Projected Recharge Requirements for SPA 2 

Year 
Maximum Recharge Capacity Required1 Existing Recharge 

Capacity (AFY)2 

Total Additional 
Recharge Capacity 

Needed (AFY) (gpd) (AFY) 

2017 170,000 190 2,300 -- 

2020 2,600,000 2,950 2,300 650 

2030 4,900,000 5,480 2,300 3,180 

2050 7,300,000 8,140 2,300 5,840 

1. Based on reclaimed water projections provided by the 2015 update to the City’s Demand Module. 
2. Based on 1.06 acres of surface basins (one Phase 1 WRF basin at 0.31 acres and two Phase 2 WRF basins at 

0.75 acres) at 1 ft/day infiltration and 1:1 wet/dry cycle, and 5 vadose zone wells at 260 gpm/well. 
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SPA 2 Recharge Strategy 
The future recharge strategy for SPA 2 was developed based on a hydrogeologic characterization of the 
entire City MPA, evaluation of more detailed and specific hydrogeologic information for SPA 2 including 
assessment of potential area of hydrologic impact for future recharge facilities, and assessment of 
recharge feasibility and costs for implementing recharge in SPA 2. The resulting recharge strategy is 
summarized as follows: 

• The existing SPA 2 WRFs and recharge facilities are located in the most favorable locations within 
SPA 2 for recharge based on what is known about the hydrogeology (lithologic and groundwater 
conditions). There is enough vacant land south and southeast of the WRFs, which are planned for 
Open Space land uses, for all future recharge requirements even if only surface basins are used. 

• The area of impact (AOI) of future recharge operations in the vicinity of the WRFs will quickly cover 
most, if not all, of SPA 2 at the projected future recharge rates. 

• If the future recharge operations are kept in the vicinity of the WRF sites, all existing and future 
production wells would be within the future AOI of the recharge operations, and would comply with 
the City’s recharge policy. 

• The life cycle costs of surface infiltration basins would be significantly less expensive than vadose 
zone wells (approximately 3 times less expensive). However, the success of infiltration basins will be 
determined by site-specific hydrogeology, which will need to be further investigated before additional 
basins are constructed. The vadose zone well strategy is more expensive due to the assumed 
requirement for replacement of each well every 7 years. It is critical for both strategies that further 
site-specific investigations are conducted to evaluate the final recharge strategy and cost.   

Basis of SPA 2 Reclaimed Water and Recharge Master Plan 
The SPA 2 master plan was developed based on the following primary assumptions: 

• The Phase 1 WRF (developer plant) will serve the Asante development and will be owned and 
operated by the Asante developer.  Thus, there will be no City involvement as the developer 
completes the Phase 1 WRF and the associated reclaimed water infrastructure. Since the Desert 
Oasis development has shown interest in potentially using reclaimed water to irrigate their common 
spaces at a future date, the Phase 1 WRF will also serve their reuse demands.  

• There will be no other reuse customers added in the future other than those of the Asante and Desert 
Oasis developments. 

• When the Phase 1 WRF reaches 10 percent of its current capacity (120,000 gpd) the City will take 
over ownership and operation of the Phase 1 WRF and will continue to serve the reuse demands of 
Asante and Desert Oasis. 

• There will be no further expansions to the Phase 1 WRF, but it will be kept in operation through the 
master plan study period.  All future wastewater treatment capacity expansions will occur at the 
Phase 2 WRF (City plant), and the City will continue to serve the reuse demands of Asante and 
Desert Oasis. 
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Recommended Reclaimed Water and Recharge Infrastructure 
The City has been building vadose zone recharge wells in the past (in SPA 1) primarily due to lack of 
available land for surface recharge basins. As the availability of land for surface basin recharge in SPA 2 
is currently uncertain, two master plan concepts are presented herein:  

• Option 1: concept based on future use of all surface basins. 

• Option 2: concept based on future use of all vadose zone wells. 

The two master plan concepts would also bracket the range of capital costs that the City can anticipate to 
implement the option ultimately chosen. 

Other than the planned expansion areas for the Phase 2 WRF, the remaining vacant land between the 
SPA 2 WRFs are assumed to be available for future recharge purposes. The City is also in early 
discussions with the Maricopa County Flood Control District (MCFCD) for potential use of MCFCD 
property to the south and southeast of the SPA 2 WRFs for recharge purposes. MCFCD has expressed 
interest in using the property for wetlands and other amenities for hiking and trail facilities that are being 
discussed for their property between the Beardsley Canal and State Route 303. It is assumed that the 
City will be successful in acquiring portions of the MCFCD property for future recharge purposes. 

Figure ES-4 presents the recommended SPA 2 reclaimed water and recharge infrastructure for the 
Option 1 master plan concept. Table ES-2 presents a listing of the recommended infrastructure and 
identifies the estimated capital costs to plan, design, and construct the Option 1 infrastructure. 

Table ES-2. Opinion of Probable Construction Costs (Option 1 – Surface Recharge Basins) 

Item Unit Cost 2017 - 2020 2021 - 2030 2031 - 2050 
Units Cost ($) Units Cost ($) Units Cost ($) 

Land $25,000/ac 0 0 18.1 ac 450,000 18.8 ac 470,000 

Recharge Basins $400/AFY 660 AFY 264,000 3,200 AFY 1,280,000 5,800 AFY 2,320,000 

Recharge Conveyance Piping1 

    1    10-inch DIP $153/LF 1,188 LF 182,000 -- 0 -- 0 

    2    18-inch DIP $286/LF -- 0 2,158 LF 617,000   

    3    18-inch DIP $286/LF -- 0 -- 0 1,250 LF 358,000 

Reclaimed Water Piping 

    4    8-inch DIP $124/LF -- 0 1,328 LF 165,000 -- 0 

WRF Expansion $15/gpd -- 0 2.0 30,000,000 1.0 15,000,000 

Totals $446,000 $32,512,000 $18,148,000 

1. See Figure ES-4 for pipe numbering. 
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Figure ES-4. Recommended Reclaimed Water and Recharge Infrastructure – Option 1 
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Figure ES-5 presents the recommended infrastructure for the Option 2 master plan concept. Table ES-3 
presents a listing of the recommended infrastructure and identifies the estimated capital costs to plan, 
design, and construct the Option 2 infrastructure. 

 
Table ES-3. Opinion of Probable Construction Costs (Option 2 – Vadose Zone Recharge Wells) 

Item Unit Cost 2017 - 2020 2021 - 2030 2031 - 2050 
Units Cost ($) Units Cost ($) Units Cost ($) 

Land $25,000/ac 0 0 0 0 14 ac 350,000 

Recharge Wells 
(active plus 
replacements) 

$312,000 ea 2 wells 624,000 13 wells 4,060,000 46 wells 14,350,000 

Recharge Conveyance Piping 

    1    10-inch DIP $153/LF 513 LF 78,000 - 0 - 0 
    2    16-inch DIP $246/LF - 0 476 LF 117,000 - 0 
    3    12-inch DIP $182/LF - 0 - 0 287 LF 52,000 
    4    30-inch DIP $528/LF - 0 - 0 604 LF 319,000 
    5    24-inch DIP $407/LF - 0 - 0 1,044 LF 425,000 
    6    20-inch DIP $326/LF - 0 - 0 882 LF 288,000 

Reclaimed Water Piping 

    4    8-inch DIP $124/LF -- 0 1,328 LF 165,000 -- 0 

WRF Expansion $15/gpd -- 0 2.0 30,000,000 1.0 15,000,000 

Totals $702,000 $34,342,000 $30,784,000 

Additional Recommendations 
The following additional recommendations are made to facilitate future planning of reclaimed water and 
recharge infrastructure in SPA 2, as well as the other remaining City special planning areas. 

• Continue to periodically update the SPA 2 Reclaimed Water and Recharge Master Plan every three 
to five years.  Growth within SPA 2 is dynamic and as actual development occurs, the projected 
reclaimed water demands, reclaimed water availability, and reclaimed water and recharge 
infrastructure needs will change. 

• Carefully design future reclaimed water supply and recharge facilities based on the most current 
information on development patterns and existing infrastructure.  Interim solutions (i.e., interconnect 
between the SPA 2 Phase 1 and Phase 2 WRFs, phasing of facilities, etc.) should be considered if 
they meet the needs of the City, the community, and developers. 

• Start documenting reclaimed water demands with the objective of refining the reuse demand factors 
in the City’s Demand Module. 

• Continue documenting WRF influent and effluent flows with the objective of refining the reclaimed 
water production factor in the City’s Demand Module.  
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Figure ES-5. Recommended Reclaimed Water and Recharge Infrastructure – Option 2  
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For selection and implementation of future required recharge facilities, it is critical for both surface basin 
and vadose zone well options that further site-specific investigations are conducted to evaluate the final 
recharge strategy and cost.  As part of the expanded recharge facilities planning and design, 
investigations should be conducted to confirm or revise the assumptions used for the current cost 
comparisons and to address additional hydrogeologic considerations: 

• Operational infiltration monitoring should be conducted in a controlled manner in the existing surface 
infiltration basins to accurately quantify the actual infiltration rates based on current operations.   

• Detailed investigations of the vadose zone in the proposed expansion areas should be conducted to 
identify where fine-grained sediments in the upper 20 to 30 feet are absent, thin, or shallower than 
other areas.  Surface basins could then be targeted for the more favorable areas, even if excavation 
depths are required to be 10 feet or slightly deeper.  The achievable infiltration rates in the underlying 
coarse-grained sediments would be expected to be higher than 1 foot/day, which would result in more 
cost-effective basins and possibly less land area needed.  

• The relevant hydrogeologic investigations should include drilling of shallow borings to depths of 30 to 
50 feet, exploration trenching to depths of 10 feet or more, and infiltration testing.  Lithologic 
conditions should be thoroughly and carefully characterized.  Infiltration testing should be conducted 
using “small-basin” tests to provide a more accurate assessment of infiltration capacity, together with 
small-scale ring-infiltrometer tests that target specific layers of interest. 

• Two or more of the existing vadose zone wells should be operated for a relatively long period to 
determine actual sustained injection rates and to reevaluate the vadose zone well replacement 
assumption (interval of 7 years). 

• Drying out of the existing surface infiltration basins during sustained operation of the vadose zone 
wells could also provide an opportunity to excavate trenches in these basins to better evaluate 
subsurface conditions, in particular the presence of a fine-grained unit at shallow depths that may be 
limiting current infiltration rates.  

The SPA 2 recharge strategy should be refined as additional data is obtained based on the 
recommended investigations described above and as larger volumes of reclaimed water increase 
recharge rates at the SPA 2 facilities.  It is understood that other factors might be relevant, such as 
developing a public amenity based on recharge pond wetlands and/or other City preferences, as well as 
operational considerations.  In addition, if the existing vadose zone wells demonstrate a much higher 
injection capacity than 250 gpm, it is possible that additional vadose zone wells (shallower and less 
expensive) might fill a niche within a predominantly surface-basin facility, perhaps to meet overall 
recharge goals while reducing land area requirements if relatively small additional capacity is needed in a 
future phase.  
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1 INTRODUCTION 

1.1 Background 
Reclaimed water will be a critical component of the City’s water resources portfolio and could account for 
a significant share of the total water supply at build-out. Despite a number of changes that have occurred 
since completion of the 2008 Integrated Water Master Plan, the City has continued to expand the 
reclaimed water program.  

The 2008 plan included a reclaimed water strategy to install a dual distribution system to serve the largest 
reuse customers throughout the City’s planning area and to recharge excess reclaimed water that is not 
directly reused. Primarily because of the slowdown in development activity, the City has adopted a new 
direction and policy away from dual distribution of reclaimed water. The new direction and policy will 
require an update to the reclaimed water elements of the 2008 Integrated Water Master Plan.  

1.2 Purpose and Scope 
The City has retained Arcadis US, Inc. (in association with Montgomery & Associates) to provide 
engineering and hydrogeologic planning services to 1) prepare a hydrogeologic description of the City’s 
entire Municipal Planning Area (MPA) sufficient for recharge master planning, and 2) to prepare a specific 
reclaimed water reuse and recharge infrastructure master plan update for Special Planning Area 2 (SPA 
2) where most land use development activity is currently taking place. 

In addition to project management, project meetings, and report development, the Scope of Work for this 
SPA 2 Reclaimed Water and Recharge Master Plan Update generally includes the following technical 
tasks: 

• Update the basic framework and assumptions that will govern the planning process, including 
regulatory changes related to recharge and recovery, and existing and planned reclaimed water 
infrastructure information within SPA 2. 

• Develop a description of hydrogeologic conditions throughout the City’s MPA sufficient for recharge 
and recovery planning purposes, and to recommend additional hydrogeologic planning efforts that will 
be necessary for updating the reclaimed water master plan for the entire City planning area. 

• Identify a specific recharge strategy for SPA 2, including recommended locations for reclaimed water 
recharge and potential areas of hydrologic impact. 

• Identify potential existing and future reclaimed water customers and reclaimed water demands within 
SPA 2. 

• Prepare a forecast of wastewater flows (reclaimed water availability) specifically for SPA 2 to be used 
for sizing recharge conveyance pipelines and recharge facilities. 

• Update the criteria for capacity sizing and design of reclaimed water and recharge infrastructure 
based on the new City policy and direction for reclaimed water management. 



SPA 2 RECLAIMED WATER AND RECHARGE MASTER PLAN UPDATE 

arcadis.com 1-2 

• Conduct technical analyses to update the recommended long-term (build-out) SPA 2 reclaimed water 
and recharge infrastructure recommendations and capital cost estimates. 

1.3 Study Area 
The study area for this project, illustrated on Figure 1-1, includes SPA 2 where most current new 
development and growth activity (outside of SPA 1) is taking place.  SPA 2 is bounded by the Central 
Arizona Project (CAP) Canal on the north, the City limits on the east and south, and State Route 60 
(Grand Avenue) on the west. 

 
Figure 1-1. Study Area 
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2 BASIS OF RECLAIMED WATER PLANNING 

2.1 City Reclaimed Water Policy 
The City’s current direction and policy (as specified in the Reclaimed Water Policy adopted by the City 
Council on May 19, 2015), is to recharge all reclaimed water and to recover the water within the area of 
hydrologic impact of the recharge facilities, and to directly serve large reuse customers close to the 
recharge conveyance pipelines that wish to be connected. The City will reconsider reclaimed water 
management alternatives in the future based on additional investigations to determine feasible recharge 
locations, future groundwater treatment requirements, and potential to exchange reclaimed water for 
other supply sources. 

In addition, the policy states that use of surface spreading basins are a priority; however, the City has 
recently been installing vadose zone wells for recharge due primarily to lack of vacant property for 
spreading basins (in SPA 1). The City intends to consider both surface infiltration basins and vadose 
wells in planning future reclaimed water recharge. 

2.2 Reclaimed Water Recharge and Recovery Regulations 

2.2.1 Recharge 
Recharge and recovery operations in Arizona are governed by the state law and regulated by the Arizona 
Department of Water Resources (ADWR). For recharge of any water (reclaimed water or surface water) 
two permits are required from ADWR: an Underground Storage Facility (USF) permit and a Water 
Storage permit.  The applicant must demonstrate the technical and financial capacity to construct and 
operate the project.  A hydrologic study is required to demonstrate that the facility is hydrologically 
feasible for recharging and storing the permitted volumes.  Operation of the facility cannot cause 
unreasonable harm within the “maximum area of impact” of the USF.  In this context, “area of impact” is 
defined as the projected areal extent of a one-foot rise in water level from the storage of the maximum 
amount of water over the duration of the permit, which is typically determined through numerical 
groundwater modeling.  The projected groundwater level rise must take into account all aquifer stresses 
(pumping, natural and artificial recharge, etc.) within the model domain in addition to the applicants’ 
proposed recharge volumes.  

Additionally, underground storage of reclaimed water requires an Aquifer Protection Permit (APP) from 
the Arizona Department of Environmental Quality (ADEQ.)   Notable requirements of the APP are: 

1. The applicant must show that the best available demonstrated control technology (BADCT) will 
be used by the facility. 

2. The applicant must show that Aquifer Water Quality Standards (AWQS) will not be exceeded in 
the aquifer at the point of compliance as a result of discharge from the facility.  If the level of a 
pollutant in the aquifer already exceeds the AWQS at the time of permit issuance, the aquifer 
must not be further degraded as a result of the discharge. 
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3. The applicant must show that they have the financial and technical capability to operate in 
accordance with the permit. 

It may be possible to amend the existing APP for the water reclamation facilities in order to accommodate 
a USF, but a separate APP may be preferable for certain circumstances.  The discharge of effluent to a 
USF may also require permitting under the Arizona Pollutant Discharge Elimination System (AZPDES) if 
the USF includes a Waters of the U.S. or is located within a floodplain.   

For vadose zone and deep injection wells, the Environmental Protection Agency (EPA) also requires an 
Underground Injection Control Permit for Class V wells.  The City’s 2008 Integrated Water Master Plan 
noted that, “Permitting deep injection wells for the sole purpose of recharging reclaimed water may be 
difficult in Arizona because the state has determined that all groundwater in the state is potential drinking 
water and that any water injected cannot degrade groundwater quality.” However, ADEQ is promulgating 
new water reuse rules that would allow potable reuse of reclaimed water that has been recharged. If 
accomplished, this may improve affect the ease permitting of injection wells for reclaimed water that are in 
the vicinity of potable water supply wells.   

Constructing a USF in a floodplain would require a Floodplain Use Permit from Maricopa County Flood 
Control District (MCFCD).  

2.2.2 Recovery 
Recharged water can be withdrawn by pumping on an annual basis or can be stored underground for 
more than a year and accrue credits.  State law allows for annual storage and recovery in which stored 
water is recovered (by pumping) in the same calendar year.  Alternatively, an entity can store water and 
receive long term storage credits (LTSCs) to recover water in the future.  One LTSC is accrued for each 
acre-foot of reclaimed water that is recharged (after subtracting evaporation losses and 5 percent “cut to 
the aquifer”) in a “constructed” facility, such as spreading basins or vadose zone wells.  Note that if 
reclaimed water were to be discharged to a dry stream bed in a “managed facility”, state law only allows 
credit for 50 percent of reclaimed water recharged.  Under current law, recharge of reclaimed water will 
not accrue any LTSCs after 2025.  However, there is strong interest from municipalities and water 
resource managers to eliminate this “2025 sunset provision” in order to continue to incentivize recharge of 
effluent.  

LTSCs can be sold or transferred to another entity or pumped from a permitted recovery well.  ADWR’s 
well-spacing rules for recovery wells in Active Management Areas (AMAs) do not allow for recovery of 
stored water if it will “cause unreasonably increasing damage to surrounding land or other water users”. 
This determination is made through a hydrologic assessment called a “well impact analysis”.  In this 
context, “impact area” is not the same as the recharge-induced “area of impact”, but rather is based on 
the impact of the pumping well and is defined as the projected areal extent of 10 feet of drawdown after 5 
years of pumping.  If the proposed recovery well meets requirements of well-spacing rules and is to be 
located within the “area of impact of a recharge facility”, recovery would be considered consistent with the 
management goal of the AMA, and a recovery well permit could be obtained.  In the context of a recharge 
facility, “area of impact” is defined as “the area where stored water has migrated or is located”, 
determined as the projected areal extent of a one-foot rise in water level from the storage of the maximum 
amount of water over the duration of the permit.    Recovery of LTSCs can be from within this area of 
impact of the recharge facility, or anywhere within the same AMA provided the groundwater level is not 
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declining more than an average of 4 feet per year in the area of recovery.  If the recovery occurs within a 
distance of 1 mile of the boundary of the recharge facility, also known as the “safe harbor”, recovery is 
automatically considered to be within the area of impact of the recharge facility, and recharged water can 
always be recovered regardless of rate of water level decline.  Also, if recovery occurs within the service 
area of the recharging entity, a well impact analysis is not required.  

The Phoenix AMA covers over 5,000 square miles and seven separate groundwater sub-basins.  In 2012, 
ADWR evaluated changes to the recharge program through the “Enhanced Aquifer Management” 
process.  Requiring or otherwise incentivizing recovery of LTSCs within the same sub-basin where water 
is recharged was one of the policies evaluated. The process never resulted in regulatory or legislative 
changes and ADWR staff indicate there are no plans to reopen discussions on this topic.  Therefore, 
while it is good aquifer management for municipalities like Surprise to recharge near their recovery wells, 
there is currently no legal requirement to do so.  The City’s policy is to locate recovery wells within the 
area of impact of the recharge facilities in order to reduce depletion of “physically available groundwater” 
identified in the City’s current Designation of Assured Water Supply with ADWR. 

2.3 Existing Reclaimed Water Infrastructure 

2.3.1 Water Reclamation Facilities 
There are currently three water reclamation facilities (WRFs) within the City’s service area:  SPA 1 WRF, 
SPA 2 WRF, and SPA 3 WRF.  The SPA 3 WRF was constructed in 2010 but was never placed in 
service. The City also plans to construct WRFs in SPA 4, SPA 5, and SPA 6 WRFs in the future.  The 
City’s existing WRFs are summarized in Table 2-1. 

Table 2-1. Existing Water Reclamation Facilities 

Facility Name Plant Number Status Capacity (mgd) 

SPA 1 WRF Plant 1 Removed from Service 0.8 
Plant 2 Removed from Service 2.7 
Plant 3 In Operation 4.8 
Plant 4 In Operation 4.0 
Plant 5 In Operation 4.0 
Plant 6 Planned To be determined 
Plant 7 Planned To be determined 

SPA 2 WRF Plant 1 Operational 1.2 
Plant 2 Operational 2.0 

SPA 3 WRF Plant 1 Not in Operation 1.8 

The SPA 1 WRF is being constructed in phases and is planned to have an ultimate capacity between 24 
and 28 mgd. Plants 3, 4 and 5, with a total capacity of 12.8 mgd, are currently operational. Plants 1 and 2 
were removed from service due to age of facilities and the capacities were accounted for by the Plant 5 
additional capacity.  The SPA 1 WRF uses an oxidation ditch treatment process and produces State of 
Arizona Class A+ reclaimed water. The reclaimed water from the chlorine contact chamber is either 
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recharged in spreading basins or in vadose zone recharge wells.  Reclaimed water that is not recharged 
is diverted through a series of pumps serving low-pressure and high-pressure reuse distribution systems. 

The SPA 2 WRF was constructed in two phases.  The Phase 1, 1.2 mgd plant uses a sequencing batch 
reactor (SBR) treatment process that produces Class A+ reclaimed water.  The Phase 1 plant will serve 
primarily the Asante developments (and will be initially owned and operated by the developer) and is 
planned for an ultimate capacity of 2.1 mgd. When the influent flows reach 10 percent of the Phase 1 
capacity (120,000 gpd), the City will take over operation and ownership of the plant in return for providing 
Asante with reclaimed water.  Since 2012, influent flows to the Phase 1 plant have been vaulted and 
hauled to the SPA 1 WRF for treatment and disposal.   

The SPA 2 Phase 2 plant utilizes a membrane bioreactor (MBR) treatment process that also produces 
Class A+ reclaimed water.  The existing 2.0 mgd Phase 2 plant is owned and operated by the City. 
Reclaimed water from the SPA 2 Phase 2 WRF can be recharged in recharge basins or in vadose zone 
recharge wells. The City will operate both SPA 2 WRFs in parallel even after the Asante development 
purchases capacity in the City plant. Even though the Phase 1 plant has been planned for an ultimate 
capacity of 2.1 mgd, the City indicates that all required future expansions will occur at the Phase 2 plant. 

Construction of the SPA 3 WRF was completed in 2010, but was never placed in service. Once the area 
starts generating wastewater flows, the development group which built the WRF plans to vault the flows 
at a SPA 3 lift station and haul the flows to either the SPA 2 WRF or the SPA 1 WRF. 

2.3.2 Recharge Facilities 
The City currently has three permitted recharge facilities as summarized in Table 2-2. 

Table 2-2. Existing Reclaimed Water Recharge Facilities 

Facility Name 
Underground 

Storage Facility 
(USF) Permit Number 

Date of Permit 

Permitted Annual 
Recharge Volume 

Acre-Feet Equivalent 
mgd 

SPA 1 WRF Recharge Facility 71-562521.0004 April 2013 8,066 7.2 
SPA 2 WRF Recharge Facility 71-218761.0000 September 2011 3,584 3.2 
SPA 3 WRF Recharge Facility 71-218760.0000 January 2012 4,256 3.8 

The City has been recharging reclaimed water at the SPA 1 WRF Recharge Facility since May 1998.  
Due to poor infiltration rates in the original surface spreading basins, the City constructed 20 vadose zone 
injection wells at the SPA 1 WRF with a capacity of 400 gallons per minute (gpm) per well.   

The SPA 2 Phase 1 WRF (developer plant) has a reclaimed water storage basin and an overflow 
storage/recharge basin (0.31-acres wetted area).  Up to 3 vadose zone recharge wells are also planned 
for the Phase 1 plant but have not yet been built.  Finally, the effluent management facilities (effluent 
pumping station) have not yet been built. These facilities are planned to be built and the Phase 1 plant put 
into operation in 2017. The City has constructed 2 surface recharge basins (0.75-acres wetted area total) 
at the Phase 2 WRF (City plant) and 5 vadose zone injection wells.  The surface basins are currently 
operational while the vadose zone wells will be put in operation in 2017. Based on 1.06 total acres of 
recharge basins and 5 vadose zone wells at 260 gpm capacity each, the existing SPA 2 recharge 
facilities are estimated to have a capacity of 2,340.5 AFY by ADWR.
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3 PROJECTED REUSE DEMANDS 
Reuse demands within SPA 2 were projected by reviewing existing reuse infrastructure mapping and 
construction plans for future construction within planned developments. Development of reuse 
infrastructure has typically been governed by development agreements reached with the City.  

3.1 Potential Reuse Customers 
Potential reuse customers in SPA 2 were identified by reviewing developer agreements, existing 
development construction, plans for future construction, and additional reuse demand information 
obtained from developer master plans. In accordance with the new direction and policy for the reclaimed 
water program, the City indicated that only the Asante development will be required to use reclaimed 
water. Also, since Desert Oasis has shown interest in potentially using reclaimed water to irrigate their 
common spaces at a future date, this master plan update includes their estimated reuse demands. Desert 
Oasis did not have a master plan for reclaimed water, their reuse demands were estimated based on land 
use maps and parcel data provided for the development.  

Table 3-1 lists the potential reuse demands within the Asante and Desert Oasis planned developments. 
The anticipated reuse demands are for irrigation of landscaping within development common areas, 
parks, schools, and open spaces. 

Table 3-1. Potenial Reuse Demands within SPA 2 

Development Irrigated 
Acres 

Average Daily 
Demand 

(gpm) 

Average Daily 
Demand 

(gpd) 

Asante Phase 1 132.08 414.8 597,000 

Asante Phase 2 70.02 207.7 299,000 

Asante Phases 3 & 4 120 400 576,000 

Asante North 250 833.33 1,200,000 

Desert Oasis 136.8 380 547,000 

Totals 708.9 2,236 3,219,000 

3.2 Water Reuse Demand Projections 
The potential reuse demands identified above were projected to grow over time based on information in 
the developer master plans. Asante Phases 1 and 2 were projected to develop over a period of 
approximately 7 years starting in 2017. It is assumed that Asante Phases 3 and 4 would follow and have 
a similar development timeline (7 years).  Lastly, it is assumed that Asante North would follow and 
likewise have a similar development timeline (7 years). Desert Oasis is substantially more built out than 
Asante currently, so the Desert Oasis reuse demands were assumed to grow out similar to Asante 
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Phases 1 and 2. Based on these assumptions, the reuse demands within SPA 2 (summarized in 
Table 3- 1) are projected to increase as shown schematically in Figure 3-1. 

 

 
Figure 3-1. Projected Reuse Demands within SPA 2 
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4 PROJECTED RECLAIMED WATER PRODUCTION 
This chapter summarizes evaluations conducted to arrive at recommended projections for reclaimed 
water production in SPA 2. Three separate evaluations were conducted to arrive at the recommendations: 

1. Review of results from the City’s water resources demand projection tool that was last updated in 
2015. 

2. Review of results based on alternative input data to the City’s demand projection tool. 

3. Review of projections derived from population projections applied to recently observed per capita 
wastewater generation. 

4.1 Projections from 2015 Update of Demand Projection Tool 
A water resource demand projection tool (Demand Module) was created as part of the 2008 Integrated 
Water Master Plan to provide a method for the City to dynamically simulate its existing and future water 
resource needs derived from geographical information system (GIS) data and land use-based demand 
factors.  The Demand Module provides water demand (potable and non-potable) and wastewater flow 
projections in a format compatible with City drinking water, wastewater, and reclaimed water infrastructure 
models.   

By using the City’s GIS-based data in an interactive database setting, future water resource needs can be 
calculated quickly and easily exported into the infrastructure models.  The Demand Module also allows 
users the opportunity to change development characteristics (land uses and development densities) or 
demand factors that can then be used to dynamically recalculate water resource needs.   

The Demand Module integrates the City’s GIS database for planned land uses (General Plan), water and 
sewer service providers, SPAs, landscape plans, and development plans to spatially allocate demands 
across the City’s planning area.  By intersecting these GIS databases, the tool creates a composite map 
composed of many small polygons, and the user can select any polygon, or combination of polygons, and 
change the attributes of the polygons (land use type, density, landscape type, etc.) to quickly recalculate 
the demand projections.  The user can also change the drinking water, reclaimed water, and wastewater 
flow demand factors input into the tool to vary the demand projections.  The Demand Module uses 
Maricopa Association of Governments (MAG) population projections as a surrogate for estimating timing 
of development growth, or for providing a timeline for the demand projections.   

The Demand Module was last updated and used to develop the City’s 2015 Integrated Water Master 
Plan, Water Resources Update. A detailed description of the development, calibration and update of the 
Demand Module is provided in an appendix to the 2015 Update. The Demand Module was updated with 
the following databases: 

• June 2013 updates to the Land Use Plan of the City’s General Plan 2035. 

• 2013 updates to the Existing and Planned (1 – 3 years) Developments, including revised dwelling unit 
counts.  

• MAG population projections revised in 2013. 
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The following key assumptions used to update projections of wastewater flows and reclaimed water 
availability are applicable to SPA 2: 

• Water demands are projected for non-irrigation demands (residential and commercial indoor and 
outdoor demands) and irrigation demands (large demands with separate meters). Based on available 
data, it was assumed that indoor demands comprised 65 percent of all non-irrigation demands and 
that all this demand was converted to wastewater flows. 

• MAG population projections (revised in 2013) were used as a surrogate for the rate of development 
throughout the planning area. 

• Based on the 2008 Integrated Water Master Plan findings, for build-out conditions, all densities within 
the Rural Residential land use category were set to 0.5 dwelling units per acre (du/ac). 

• For build-out, the mid-point for the dwelling unit density ranges given in the City’s current General 
Plan were used for all remaining residential land use categories. 

• Based on historical flows entering and exiting the City’s WRFs, the reclaimed water available is equal 
to 90 percent of the wastewater generated. 

Based on the key assumptions above, the updated wastewater flow and reclaimed water availability 
projections for SPA 2 were calculated for 2020, 2030 and build-out and are summarized in Table 4-1.   

Table 4-1. Updated Demand Module Wastewater and Reclaimed Water Projections for SPA 2 

Year 
Annual Volume (acre-feet) Equivalent Average (mgd) 

Wastewater Reclaimed Water Wastewater Reclaimed Water 

2020 3,492 3,143 3.1 2.8 

2030 6,712 6,041 6.0 5.4 

Build-out 10,029 9,026 9.0 8.1 

4.2 Projections Based on Alternative Wastewater to Water Ratio 
The wastewater flow projections made by the Demand Module are based on a wastewater flow to water 
demand ratio of 0.65. The Demand Module calculates water demands separately for “non-irrigation” 
demands (indoor and outdoor demands of residential, institutional and commercial customers) and 
“irrigation” demands (large demands for parks, golf courses, large common areas, etc.) This method was 
chosen as large irrigation demands are typically on separate water meters. The Demand Module 
assumes that 65 percent of the non-irrigation demand is indoor demand and that all this demand is 
returned to the sewers. The 0.65 factor was assumed based on water consumption information cited in 
the water industry literature.   

In the 2015 Water Resources Update, additional wastewater flow information provided by the City for the 
SPA 1 and SPA 2 WRFs was compared to the flow projections for “existing” conditions, and it was found 
that the Demand Module may be overestimating wastewater flows in the short-term. It is possible that 
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existing developments do not follow national trends and that outdoor water use is higher due to the arid 
climate. However, it was also noted that the near-term projections include some areas that are not yet 
served by the sewer system. In any case, it was found that using a lower wastewater to water factor than 
0.65 did not materially affect the longer-term and buildout projections. 

Another method to determine wastewater flows based on water demands is to consider the total water 
demands (non-irrigation and irrigation) and to apply a factor to the total demands to determine 
wastewater flows. Nationally and locally, this factor is around 0.45. Table 4- 2 summarizes recent water 
production and wastewater flow data provided by the City for SPA 2. This factor could not be determined 
for SPA 1 as corresponding water production data was not available for the entire SPA 1.  

Table 4-2. SPA 2 Total Water Production vs. Wastewater Flows 

Year Water Production 
(acre-feet) 

Wastewater Flows 
(acre-feet)1 

Wastewater to Water 
Ratio 

2011 490 117 0.24 

2012 470 137 0.29 

2013 446 143 0.32 

2014 494 153 0.31 

2015 476 171 0.36 

2016 622 189 0.30 

Average 0.30 

1. Data for the Phase 1 WRF wastewater flows was not available for 2011, includes only the Phase 2 WRF flows. 
For all other years, the SPA 2 wastewater flows include the Phase 1 WRF flows that were vaulted and hauled to 
the SPA 1 WRF, plus the Phase 2 WRF flows. 

Table 4-2 indicates that the wastewater to water factor in SPA 2 was low initially (averaging about 0.30 
over the last 6 years), but has been increasing. This is expected as the new developments in SPA 2 
would use more water outdoors and for irrigation uses initially as grass and plants are becoming 
established. The factor will likely approach the value of 0.45 as the developments in SPA 2 mature. 

Based on the historic wastewater to total water use factor summarized in Table 4-2, the alternative 
wastewater flow and reclaimed water availability projections for SPA 2 were based on the factors shown 
in Table 4-3. Table 4-3 also summarizes the projected wastewater flows and reclaimed water production 
(90 percent of wastewater flows). 
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Table 4-3. Alternative Wastewater and Reclaimed Water Projections for SPA 2 

Year 
Demand Module 

Total Annual 
Water Demand 

(acre-feet) 

Wastewater 
to Water 

Ratio 

Annual Volume 
(acre-feet) 

Equivalent Average 
(mgd) 

Waste-
water 

Reclaimed 
Water 

Waste-
water 

Reclaimed 
Water 

2020 6,391 0.38 2,429 2,186 2.2 2.0 

2030 12,367 0.40 4,947 4,452 4.4 4.0 

Build-out 18,588 0.45 8,365 7,528 7.5 6.7 

4.3 Population-Based Projections 
The population-based method of projecting wastewater flows is based on applying a unit per-capita flow 
factor, in gallons per-capita per day (gpcd), to population projections to estimate future wastewater flows.  
The unit per-capita flow factor is determined by dividing a service area’s historical wastewater flows by 
the historical population. 

As part of the 2004 water master planning effort, the City measured wastewater flows at 9 locations within 
SPA 1. Based on the flow monitoring effort, it was determined that the unit wastewater generation rate in 
SPA 1 at the time was 64 gpcd.  Coincidentally, the City also monitored water demands in SPA 1 and 
found that wastewater generation was approximately 42 percent of total water demand. 

For the current update, the City provided historical wastewater flow data for the SPA 1 and SPA 2 WRFs 
and historical City population information from 2005 through 2016. It should be noted that from 2012 
through 2016, the SPA 2 Phase 1 WRF influent wastewater flows were vaulted and hauled to the SPA 1 
WRF for treatment and disposal. Thus, the vault and haul volumes were added to the SPA 2 Phase 2 
WRF influent flows, and subtracted from the SPA 1 WRF flows.  

It should also be noted that the historical City populations are for areas within the City limits and would 
include populations that were not yet served by the WRFs (areas not yet connected to the sewer system 
and/or areas served by septic systems).  The population data was not available for contributing and non-
contributing areas. However, the City indicated that the non-contributing populations are insignificant 
when compared to total populations; thus, these populations were included in the analysis. 

The wastewater flow and population information provided by the City is summarized in Table 4-4. The 
table summarizes historical per-capita wastewater flow information for SPAs 1 and 2 combined. The table 
indicates that if the non-contributing populations are considered insignificant, the per capita wastewater 
flows averaged approximately 66 gpcd from 2005 to 2016. If it is assumed that only 90 percent of the 
population was contributing flows to the WRFs, then the per capita wastewater flows would have 
averaged approximately 73 gpcd during the same period.   

Since the actual contributing population to the historical wastewater flows is unknown, it is advisable that 
a range of per capita wastewater factors be considered. 
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Table 4-4. Historical Unit Wastewater Flow Generation 

Year 
SPA 1 

Wastewater 
Flow (mgd) 

SPA 2 
Wastewater 
Flow (mgd) 

Total 
Wastewater 
Flow (mgd) 

City 
Population 

Unit Flow 
Factor (gpcd) 

2005 5.8 -- 5.8 89,488 65 

2006 7.3 -- 7.3 102,901 71 

2007 7.7 -- 7.7 110,741 70 

2008 7.4 -- 7.4 115,626 64 

2009 7.5 -- 7.5 117,230 64 

2010 7.4 -- 7.4 117,688 63 

2011 7.3 0.10 7.3 118,349 62 

2012 7.9 0.12 8.0 119,530 67 

2013 8.0 0.13 8.1 121,629 67 

2014 8.1 0.14 8.2 123,797 66 

2015 8.3 0.15 8.5 125,621 68 

2016 8.1 0.17 8.3 128,182 65 

Average 66 

Based on the above, unit wastewater flow factors of 66 gpcd and 75 gpcd were selected to assess the 
range of population-based wastewater flow projections for SPA 2. The resulting wastewater flow 
projections, based on current projections of population in SPA 2, are summarized in Table 4-5. Projected 
reclaimed water production, also shown in Table 4-5, is based on the assumption that reclaimed water 
production comprises 90 percent of wastewater flows, the remaining 10 percent is lost in the treatment 
process as solids removal, evaporation and other losses in the treatment plant. 

Table 4-5. Population-Based Reclaimed Water Availability Projections for SPA 2 

Year Population 
Projected Flow at 66 gpcd (mgd) Projected Flow at 75 gpcd (mgd) 

Wastewater Reclaimed 
Water Wastewater Reclaimed 

Water 

2020 6,932 0.5 0.4 0.5 0.5 

2030 48,188 3.2 2.9 3.6 3.3 

2040 71,435 4.7 4.2 5.4 4.8 

2050 78,384 5.2 4.7 5.9 5.3 
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4.4 Recommended Reclaimed Water Supply Projections 
Figure 4-1 illustrates the reclaimed water projections for the three methods described above. For the two 
projections that used Demand Module results, it was assumed that Buildout occurs at 2050. 

  
Figure 4-1. Comparison of Reclaimed Water Projections for SPA 2 

The above reclaimed water projections were presented to and discussed with City staff and the following 
decisions were made: 

• For planning of future recharge capacity, the projections provided by the 2015 update to the Demand 
Module will be used. Although this projection is a little aggressive early on, it will provide some 
conservatism when master planning recharge facilities. This is also considered advisable because, as 
it will be explained further in Chapters 5 and 6, there is uncertainty as to the actual hydrogeology and 
underground conditions that will be encountered and the actual performance that future recharge 
facilities will provide. 

• For planning of future WRF expansions, the projections provided by the 75 gpcd, population-based 
method will be used. This is advisable because the Demand Module projections are aggressive early 
on as evidenced by the actual development and growth that has been experienced in SPA 2. 
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5 RECHARGE STRATEGY 
This chapter describes how the recharge strategy was developed for SPA 2. The strategy was developed 
based on a hydrogeologic characterization of the entire City MPA, evaluation of more detailed and 
specific hydrogeologic information for SPA 2, and assessment of recharge feasibility and costs for 
implementing recharge in SPA 2. The recommendations made as a result of the detailed hydrogeologic 
analysis of SPA 2 are used to develop a SPA 2 water reuse/recharge master plan as described in 
Chapter 6. 

5.1 Projected Recharge Capacity Requirements 
Development of a recharge strategy for SPA 2 requires a projection of recharge capacity requirements 
that must be fulfilled over the planning period. The recharge requirements are defined by the difference 
between projected reclaimed water available (Chapter 4) and projected reuse demands (Chapter 3).  

The amount of reclaimed water available for recharge each year will depend on the seasonal nature of 
reuse demands. The primary reuse demands in the Asante and Desert Oasis developments are planned 
to be open space irrigation and amenity lakes. Demand for irrigation water is lowest during the winter 
months and highest during the summer. Figure 5-1 presents the anticipated monthly irrigation demand 
characteristics from the Asante master plans based, reportedly, on climatological data for Surprise, 
Arizona. 

 
Figure 5-1. Seasonal Irrigation Demand 
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The seasonal irrigation demand curve shown in Figure 5-1 was applied to the projected reuse demands in 
SPA 2 for 2017, 2020, 2030 and 2050 (assumed build-out) and compared to the projected reclaimed 
water availability. Based on wastewater flow data, wastewater flows (reclaimed water availability) are 
essentially constant throughout the year. Figure 5-2 shows an example of the recharge capacity 
requirements analysis for 2020 flow and demand conditions.  

 
Figure 5-2. Example Analysis of Recharge Requirements for 2020 

The figure above shows that in 2020, the maximum recharge capacity required is during the winter at 
approximately 2,600,000 gpd, or 2,950 acre-feet/year(AFY). Table 5-1 provides a summary of recharge 
requirements through 2050 (build-out) based on similar analyses. The existing recharge capacity is not 
permitted capacity, but the estimated recharge capacity (by ADWR) for the existing surface basins and 
vadose zone wells at the two WRFs. 

Table 5-1. Projected Recharge Requirements for SPA 2 

Year 
Maximum Recharge Capacity Required1 Existing Recharge 

Capacity (AFY)2 
Total Additional 

Recharge Capacity 
Needed (AFY) (gpd) (AFY) 

2017 170,000 190 2,300 -- 

2020 2,600,000 2,950 2,300 650 

2030 4,900,000 5,480 2,300 3,180 

2050 7,300,000 8,140 2,300 5,840 
1. Based on reclaimed water projections provided by the 2015 update to the City’s Demand Module. 
2. Based on 1.06 acres of surface basins (one Phase 1 WRF basin at 0.31 acres and two Phase 2 WRF basins at 

0.75 acres) at 1 ft/day infiltration and 1:1 wet/dry cycle, and 5 vadose zone wells at 260 gpm/well (rounded). 
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5.2 Hydrogeology within City Municipal Planning Area 
This project included a scope of services to develop a description of hydrogeology throughout the City’s 
MPA. The purpose of the services was to develop a description sufficient for recharge master planning 
purposes, to identify favorable recharge facility and associated recovery well areas, and to recommend 
additional hydrogeologic planning efforts that will be necessary for updating the reclaimed water master 
plan for the entire City MPA. The description was developed based on review and assessment of existing 
and available regional hydrogeologic information and was supplemented with specific information from 
studies conducted for the City for production well and recharge facility development. Appendix A contains 
the report that was developed for the City’s entire MPA. 

5.3 Additional Hydrogeologic Details in SPA 2 
An additional evaluation was conducted of the hydrogeology in SPA 2 to identify the most favorable areas 
for recharge. The report provided in Appendix A included a discussion and table of criteria that are 
typically used to evaluate recharge feasibility. These criteria, when applied in more detail to SPA 2, led to 
the identification of six “recharge feasibility zones” based on hydrogeologic conditions specifically within 
SPA 2. The recharge feasibility zones, labeled as Zones A through F, are shown on figures provided in 
Appendix B.  The City currently recharges SPA 2 reclaimed water from the Phase 2 WRF within Zone A.   

5.3.1 Hydrogeologic Units 
The basin-fill aquifer material in the City’s planning area consists of three alluvial units:  the Upper Alluvial 
Unit (UAU), Middle Alluvial Unit (MAU), and Lower Alluvial Unit (LAU).  The two primary hydrogeologic 
characteristics that determine the feasibility of recharge in SPA 2 are the presence of bedrock at or near 
the surface and the depth and thickness of the MAU.  Bedrock in this area is Tertiary-aged volcanic units 
that pre-date the alluvial deposits, and is exposed at the surface in some areas of SPA 2 and along the 
basin margins.  Areas with shallow or surficial bedrock are not favorable for recharge.  The MAU is 
generally finer-grained (consisting of more silt and clay) with lower permeability than either the UAU or 
LAU.  Therefore, the presence of a shallow and/or thick sequence of MAU sediments is less favorable for 
groundwater recharge, as is the presence of shallow bedrock. 

The hydrogeology in SPA 2 was evaluated using data from recent geophysical surveys, detailed geologist 
logs from SPA 2 production wells, and drillers’ logs filed with ADWR for selected wells within SPA 2.  
These data were used to define the thickness and depth of the three alluvial units.  The elevations were 
imported into software to create a three-dimensional model with interpolated depths to the bottom of each 
unit throughout SPA 2.  The results are shown on Figures B-1 and B-2 for the UAU and MAU, 
respectively in Appendix B.  Figure B-3 shows the depth to bedrock.  

The area between recharge feasibility zones C and D has bedrock at the surface and is, therefore, 
excluded from consideration for recharge.  Of the six recharge feasibility zones, Figures B-1, B-2, and B-3 
show that two are less favorable for recharge based on hydrogeology:  Zone D due to shallow bedrock 
(less than 400 feet deep) and Zone F due to the large thickness of the MAU (more than 1,000 feet).  
Previous geophysical investigations identified a fault between Zones F and C, which explains the large 
difference in the thickness of the MAU between these two areas.  While the MAU appears to be relatively 
thin in Zone C, it is adjacent to surface bedrock.  Additional investigation would be required to better 
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evaluate recharge feasibility; therefore, Zone C is not considered as favorable for recharge as other 
areas.  Based on hydrogeologic conditions, Zones C, D, and F are all considered less favorable for 
recharge.  

5.3.2 Surface Geology 
Detailed surface geology mapping for SPA 2 is available from the Arizona Geological Survey (AGS).  
Besides identifying areas of alluvium versus bedrock, the surface geology map differentiates between 
older and younger alluvium – younger alluvium is defined as deposits less than 10,000 years old.  Areas 
of younger alluvium generally occur in active or recently active drainages and washes, and therefore are 
characterized by less cemented and more permeable units compared to older alluvium.  In the absence of 
actual site characterization data on alluvial sediments, areas of mapped younger alluvium are considered 
more favorable for recharge via surface infiltration basins, and perhaps shallow vadose zone wells.   

Figure B-4 in Appendix B shows the surface geology of SPA-2, representing a composite of data from 
separate AGS maps.  Areas of younger alluvium, shown in brown and yellow, would be expected to have 
larger surface infiltration capacity.  The recharge basins of the existing SPA 2 Phase 2 WRF appear to be 
located on younger alluvium.  Note that areas of younger alluvium that have coarse-grained high-
permeability sediments in the near-surface zone may be underlain by fine-grained low-permeability 
sediments at relatively shallow depths.  Therefore, while surficial geology maps are useful to identify 
potential areas of higher surficial infiltration rates, exploration trenching and drilling is required to 
characterize the actual lithologic profile and determine the most favorable areas for recharge.   

5.3.3 Groundwater Conditions 
Local groundwater conditions were evaluated using data presented in the Surprise MPA hydrogeology 
report (Appendix A).  Historical groundwater level trends for select wells are shown on Figure 10 of 
Appendix A.  Historic data indicate that groundwater level elevations declined steeply from 1940 to the 
late 1970s, followed by a smaller rate of decline through the early 2000s.  The combination of reduced 
pumping and active recharge has caused water level elevations to increase in SPA 2 area over the past 
decade.  Water levels are currently rising at a rate of more than 10 feet per year and are above pre-
development water levels in the vicinity of the Central Arizona Project (CAP) Hieroglyphics Recharge 
Project.  This facility has been recharging CAP water at a rate between 20,000 and 35,000 AFY since 
2003 (Appendix A, Table 2).   

Contours of depth to groundwater during the winter of 2015 – 2016 are presented in Appendix B, Figure 
B-5.  Depth to groundwater in SPA 2 ranges from more than 450 feet in the southwestern corner of the 
two SPA 2 WRF sites, to approximately 250 feet at the northern boundary of SPA 2 near the 
Hieroglyphics Recharge Project.  Due to relatively small depth to groundwater level and the rapid rate of 
groundwater level rise in this area, Zone E is considered less favorable for recharge.  Zones A and B are 
considered favorable for recharge in terms of groundwater conditions. 

5.4 Evaluation of Recharge Feasibility in SPA 2 
The additional hydrogeologic analysis indicates that Zones A and B are the most favorable areas for 
recharge in SPA 2.  The existing SPA 2 WRFs and recharge facilities are located in Zone A and some 
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facilities are already in operation.  Due to the favorable hydrogeology in Zone A and the existing 
infrastructure, the SPA 2 WRF sites and surrounding area is the recommended location for development 
of additional recharge capacity. The City indicated that it has been in early discussions with the MCFCD, 
who owns large parcels immediately south and southeast of the WRFs, regarding use of the parcels for 
future recharge. This area is between the Beardsley Canal and the State Route 303 alignment and the 
City’s General Plan has identified the area for Open Space land uses. 

5.4.1 SPA 2 Recharge Capacity and Demand 
Recharge of reclaimed water commenced at the SPA 2 Phase 2 WRF in 2011.  The permitted capacity is 
3,584 AFY.  The annual rate of recharge from 2011 and 2015 has been between 100 and 150 AFY.  Two 
infiltration basins are currently operable at the Phase 2 WRF (0.75 acres) and with the single basin at the 
Phase 1 WRF (0.31 acres), a total recharge area of approximately 1.06 acres currently exists.  There are 
also five vadose zone wells on the Phase 2 WRF site that have not been operated due to lack of 
reclaimed water.  Previous analysis and design plans assumed 1 foot/day of infiltration capacity for the 
basins and 260 gpm of injection capacity for each vadose zone well.  Applying these assumptions, the 
current capacity of the constructed facilities is 2,300 AFY as shown previously in Table 5-1. Table 5-1 
also summarizes the projected recharge capacity requirements given the existing recharge capacity and 
projected excess reclaimed water needing to be recharged. 

5.4.2 Lithology and Infiltration Characteristics of Recommended Future 
Recharge Area 

Site-specific data for lithologic characterization of near-surface, deeper vadose zone, and aquifer 
sediments at the SPA 2 WRF are from drilling of monitor wells, shallow soil borings, and test pits at the 
WRF site.   The lithologic data from these reports provided by the City are used in the following evaluation 
of recharge feasibility and potential limitations to recharge rates. 

Geologists’ logs for the Phase 2 WRF recharge monitor wells MW-1 and MW-2 indicate a predominance 
of coarse-grained sediments to depths 530 and 538 feet, respectively.  Limited intervals of fine-grained 
sediments were encountered starting at depths of 35 feet at well MW-1 and 70 feet at well MW-2.  The 
fine-grained intervals were typically thin (thickness of 5 to 10 feet), but notable zones of fine-grained 
and/or cemented sediments were encountered in the depth intervals from 170 to 230 feet and from 275 to 
305 feet in MW-1, and from 210 to 240 feet and from 280 to 330 feet in MW-2.   

Geologists’ logs for four shallow borings drilled at the Phase 2 WRF site (SB-1 to SB-4) also indicate a 
predominance of coarse-grained sediments over the drilled depths of 35 to 40 feet.  However, fine-
grained intervals were encountered at relatively shallow depths, in various intervals typically within the 
upper 18 feet.  These shallow fine-grained layers are critical because they have the potential to limit or 
control the infiltration capacity of excavated basins.  These fine-grained layers may be the reason for the 
relatively small infiltration rates (on the order of 1 foot/day) reported at the existing basins, which were 
excavated to a depth of 10 feet). 

Geologists’ logs for the test pits show near-surface sediments in the upper 7 feet in the north part of the 
Phase 2 WRF site are almost entirely coarse-grained, described chiefly as “poorly graded sand” (with or 
without very small content of fines) and “poorly graded gravelly sand”.  Many of the intervals were 
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described as having substantial cementation (caliche).  Overall, the predominance of coarse-grained 
sediments would be expected to result in very high infiltration rates, but the cemented intervals would 
reduce the infiltration capacity to an unknown degree.  In addition, as indicated in the borings, fine-
grained sediments may directly underlie the coarse-grained, near-surface zone in the vicinity of the 
existing recharge basins. 

Based on the lithologic characterization summarized above at the SPA 2 WRF sites, the vadose zone 
would be expected to be conducive to high infiltration rates and large recharge volumes.  The more 
substantial fine-grained intervals in the deeper subsurface would likely impede downward movement of 
water to some degree and result in development of perched groundwater, but would not be expected to 
limit infiltration rates due to the relatively large depths to these layers.   

Nonetheless, the most significant impeding layer to infiltration capacity of surface basins may be the 
shallow fine-grained layers encountered in the upper 18 feet, if this fine-grained layer is relatively 
continuous across the planned expansion areas.  Results of large-scale operational infiltration monitoring 
of the existing basins tracked by ADWR’s annual monitoring and reporting spreadsheet, and small-scale 
infiltration tests in the vicinity of the existing basins indicate infiltration rates of approximately 1 foot/day or 
less. 

5.4.3 Area of Impact of SPA 2 Recharge Facilities 
The area of impact (AOI) from recharging at the SPA 2 WRF sites was estimated using an analytical 
approach to calculate the extent of a 1-foot rise in groundwater level due to recharge at a specific 
location.  The AOI was evaluated at 5-year intervals for two different recharge rates:  5,500 AFY and 
8,000 AFY, approximating the range of annual volumes that would be recharged between 2030 and 2050.  
Aquifer hydraulic parameters were chosen based on data from the City MPA and SPA 2-specific 
hydrogeology analysis.  For the AOI modeling, the aquifer thickness is 1,000 feet, hydraulic conductivity is 
5 feet per day, and specific yield is 10 percent.  

Figure B-6 in Appendix B shows the AOI from recharge at the SPA 2 WRFs at 5, 10, 15, and 20 years.  
After 5 years, the AOI covers all of SPA 2 at the highest recharge rate, and all but the northern third of 
SPA 2 at the lower recharge rate.  After 10 years, the AOI at even the lower recharge rate covers all of 
SPA 2.  Therefore, within 10 years at the projected rate of growth, the AOI will encompass all of SPA 2.  
This analysis shows that at projected recharge rates, production and recovery wells within SPA 2 are 
expected to be within the AOI and comply with the City’s recharge policy. 

5.5 High Level Cost Evaluation of Recharge Technologies 
To further assess the feasibility of recharge in SPA 2, a high-level cost comparison was made of the three 
recharge technologies deemed available to the City: surface infiltration basins, vadose zone wells and 
deep injection wells (these are the same technologies that were evaluated in the 2008 Integrated Water 
Master Plan). The high-level analysis included a present worth analysis of capital and annual operations 
and maintenance (O&M) costs (in 2017 dollars) for implementing and operating the three technologies at 
a specific recharge rate of 6,000 AFY for 20 years. This recharge rate corresponds to the total additional 
recharge capacity needed at buildout (see Table 5-1). 
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The assumptions for the high-level cost evaluation are based on professional judgement and information 
from the City.  These costs are high-level estimates provided for master planning purposes, and do not 
reflect detailed site investigations and engineering design.  Table 5-2 provides a summary of the 
assumptions used for the high-level cost evaluations. 

Table 5-2. Assumptions for High Level Cost Evaluations 

Parameter Value Source of Information 

Infiltration Basins   

Infiltration Rate (ft/day) 1 Phase 2 WRF Studies 

Wet/Dry Ratio (%) 50 Typical Basin Operations 

Hydraulic Loading Rate (ft/year) 182.5 Calculated 

Additional Land Needed for Berms and 
Roads (% of Infiltration Area) 30 Typical Operation Guidelines 

Unit Capital Cost per Volume of Water 
Recharged ($/AFY of Physical Capacity) 400 Professional Judgement Based on Similar Facilities 

Unit O&M Cost per Volume of Water 
Recharged ($/AF) 15 Professional Judgement Based on Similar Facilities 

Land Costs ($/acre) 25,000 City of Surprise 

Vadose Zone Wells   

Recharge Rate (gpm/well) 250 Phase 2 WRF Recharge Permit Application Adjusted 
Down for Conservatism 

Recharge Rate (AFY/well) 403 Calculated 

Well Replacement Rate (years/well) 7 City of Surprise 

Unit Capital Cost ($/well) 312,000 City of Surprise SPA 1 Costs 

20-year Unit Capital Cost at Replacement 
Rate ($/well, 3 wells total) 936,000 Calculated 

Unit Capital Cost per Volume of Water 
Recharged ($/AFY of Physical Capacity) $2,300 Calculated 

Unit O&M Cost per Volume of Water 
Recharged ($/AF) $10 City of Surprise SPA 1 Costs 

Deep Injection Wells   

Recharge Rate (gpm/well) 1,000 Professional Judgement Based on Similar Facilities 

Recharge Rate (AFY/well) 1,613 Calculated 

Unit Capital Cost ($/well) 2,200,000 Professional Judgement Based on Similar Facilities 

Unit Capital Cost per Volume of Water 
Recharged ($/AFY of Physical Capacity) 1,400 Calculated 

Unit O&M Cost per Volume of Water 
Recharged ($/AF) 22 Professional Judgement Based on Similar Facilities 
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As noted in Table 5-2, the vadose zone strategy assumes wells must be replaced every 7 years.  
Because it is relatively more land intensive, the surface basin strategy includes land costs. None of the 
strategies include the cost of pipelines and other associated infrastructure, treatment, or permitting.   
Costs for infiltration basins are based on data from similar facilities. Costs for vadose zone well 
installation are based on data provided by the City for the SPA 1 wells.  Cost for deep injection wells are 
based on a 16-inch, 1,000-foot deep well with a stainless-steel casing, equipped with a pump.  In 
actuality, there can a wide range of costs for recharge projects depending on lithology, excavation or well 
depth, engineering design, cost of materials, and other site-specific conditions. Table 5-3 summarizes the 
high-level cost evaluation of the three recharge technologies. 

Table 5-3. High Level Cost Evaluation for Recharge Technologies (Additional 6,000 AFY Capacity) 

Component 

Surface Infiltration 
Basins Vadose Zone Wells Deep Injection Wells 

Units Cost ($) Units Cost ($) Units Cost ($) 

Additional Land 36.9 ac 923,000 -- 0 -- 0 

Surface Recharge Basins 6,000 AFY 2,400,000 -- 0 -- 0 

Vadose Zone Wells1 -- 0 6,000 AFY 13,800,000 -- 0 

Deep Injection Wells -- 0 -- 0 6,000 AFY 8,400,000 

Total Capital Costs -- 3,323,000 -- 13,800,000 -- 8,400,000 

Annual O&M Costs 6,000 AFY 90,000 6,000 AFY 60,000 6,000 AFY 132,000 

20-Year Present Worth of 
Annual O&M Costs2 -- 950,000 -- 640,000 -- 1,400,000 

Total Present Worth $4,273,000 $14,440,000 $9,800,000 

1. Based on 20 active wells, plus 41 replacement wells needed over 20 years. 
2. Based on 20 years, 7% interest. 

From a cost perspective, infiltration basins are significantly less expensive. As indicated earlier, the City’s 
2008 Integrated Water Master Plan noted that, “Permitting deep injection wells for the sole purpose of 
recharging reclaimed water may be difficult in Arizona because the state has determined that all 
groundwater in the state is potential drinking water and that any water injected cannot degrade 
groundwater quality.” 

Therefore, assuming sufficient land is available, surface infiltration basins would be the recommended 
strategy.  However, the success of infiltration basins will be determined by the site-specific hydrogeology, 
which will need to be further investigated before additional basins are constructed.  Furthermore, the 
City’s chosen recharge method (surface basins or vadose zone wells) may depend on available land, 
operational considerations, costs, and other city preferences. 
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5.6 Summary of Recommended Recharge Strategy for SPA 2 
The findings and conclusions of the additional hydrogeologic analysis for SPA 2 are summarized as 
follows: 

• The existing SPA 2 WRFs and recharge facilities are located in the most favorable locations within 
SPA 2 for recharge based on what is known about the hydrogeology (lithologic and groundwater 
conditions). There is enough vacant land south and southeast of the WRFs, which are planned for 
Open Space land uses, for all future recharge requirements even if only surface basins are used. 

• The area of impact (AOI) of future recharge operations in the vicinity of the WRFs will quickly cover 
most, if not all, of SPA 2 at the projected future recharge rates. 

• If the future recharge operations are kept in the vicinity of the WRFs site, all existing and future 
production wells would be within the future AOI of the recharge operations, and would comply with 
the City’s recharge policy. 

• The life cycle costs of surface infiltration basins would be significantly less expensive than vadose 
zone wells (approximately 3 times less expensive). However, the success of infiltration basins will be 
determined by the site-specific hydrogeology, which will need to be further investigated before 
additional basins are constructed. The vadose zone well strategy is more expensive due to the 
assumed requirement for replacement every 7 years. It is critical for both strategies that further site-
specific investigations are conducted to evaluate the final recharge strategy and cost.   
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6 DEVELOPMENT OF UPDATED RECLAIMED WATER AND 
RECHARGE MASTER PLAN 

The work conducted and summarized in this report has identified a recommended reclaimed water reuse 
and recharge strategy for SPA 2. Based on the strategies, this Chapter describes the reclaimed water 
and recharge master plan update for SPA 2.   

6.1 Basis of Master Plan Development 
The SPA 2 master plan update was developed based on the following primary assumptions: 

• The Phase 1 WRF (developer plant) will serve the Asante development and will be owned and 
operated by the Asante developer.  Thus, there will be no City involvement as the developer 
completes the Phase 1 WRF and the associated reclaimed water infrastructure. Since the 
infrastructure has been constructed, the Phase 1 WRF will also serve the reuse demands of the 
Desert Oasis development. 

• There will be no other reuse customers added in the future other than those of the Asante and Desert 
Oasis developments. 

• When the Phase 1 WRF reaches 10 percent of its current capacity (120,000 gpd) the City will take 
over ownership and operation of the Phase 1 WRF and will continue to serve the reuse demands of 
Asante and Desert Oasis. 

• According to the City, there will be no further expansions to the Phase 1 WRF, but it will be kept in 
operation through the master plan study period.  All future wastewater treatment capacity expansions 
will occur at the Phase 2 WRF (City plant), and the City will continue to serve the reuse demands of 
Asante and Desert Oasis. 

6.2 Phasing Methodology 
The master plan update recommendations are scheduled on the following basis: 

• The reclaimed water projections as provided by the City’s Demand Module for SPA 2 (see Chapter 4) 
will be used to determine required recharge expansions. 

• The wastewater flow projections as provided by the population-based (75 gpcd) methodology for SPA 
2 (see Chapter 4) will be used to determine required WRF expansions. 

• Three master plan time periods were used to schedule the recommended improvements:  2017 – 
2020, 2021 – 2030, and 2031 – 2050. 

6.3 System Performance and Design Criteria 
The City’s current Engineering Development Standards for water and reclaimed water indicate that the 
system performance and design standards provided in the 2008 Integrated Water Master Plan should be 
consulted for planning and design of reclaimed water infrastructure. The applicable system performance 
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and design criteria (from the Integrated Water Master Plan) utilized to update sizing of SPA 2 reclaimed 
water and recharge infrastructure are presented in Table 6-1. 

Table 6-1. System Performance and Design Criteria 

Item Criteria Value 

RECLAIMED WATER SYSTEM   

Pipe Sizing 

Distribution 
Velocity < 5 ft/s 
Headloss < 10 ft/1,000 ft 
Design Criteria Peak Hour Demand 

Transmission 
Velocity < 5 ft/s 
Headloss < 10 ft/1,000 ft 
Design Criteria Excess Reclaimed Water 

Available 

Recharge Conveyance 
Velocity < 5 ft/s 
Headloss < 10 ft/1,000 ft 
Design Criteria Maximum Reclaimed 

Water Available 

System Pressure 
Maximum Pressure 100 psi 
Minimum Pressure (Peak 
Hour Conditions) 

25 psi 

Booster Station Design Criteria At Distribution System Peak Hour 
At WRF Maximum Recharge 

RECHARGE FACIITIES   

Surface Basins 

Infiltration Rate At Maximum Recharge 1 ft/day 
Wet:Dry Ratio At Maximum Recharge 0.5 
Hydraulic Loading Rate At Maximum Recharge 182.5 ft/yr 
Land Multiplier for Road, 
Berms, etc. 

At Maximum Recharge 30% on top of recharge 
surface area needed 

Vadose Zone Wells 

Capacity At Maximum Recharge 250 gpm/well 
Hydraulic Loading Rate At Maximum Recharge 403 AFY 
Well Replacement Rate  7 years 
Well Spacing  100 feet radius 

6.4 Basis for Capital Cost Opinions 
The opinions of conceptual capital costs presented herein were based on available existing studies, 
recent projects with similar components, standard construction cost estimating manuals, and engineering 
judgment. The level of accuracy for the cost estimates corresponds to the Class 4 estimate as defined by 
the Association for the Advancement of Cost Engineering (AACE) International. This level of engineering 
cost estimating is approximate and is generally made without detailed engineering data and site layouts, 
but is appropriate for preliminary budget-level estimating. The accuracy of a Class 4 estimate is minus 15 
to plus 20 percent in the best case, and minus 30 percent to plus 50 percent in the worst case. 

The unit costs include materials of construction, installation, contractor costs (overhead, profit, bonding, 
mobilization), and engineering. All costs include a 20 percent factor for engineering and construction 
administration, and a 30 percent factor for project contingencies. All costs were in July, 2017 dollars 
referenced to an Engineering News Record Construction Cost Index (ENR CCI) of 10,789. 
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6.5 Recommended Reclaimed Water and Recharge Infrastructure 
The work summarized in Chapter 5 concluded that the City’s existing recharge facilities are located in 
favorable locations for recharge within SPA 2, and that the land immediately south and southeast of the 
SPA 2 WRFs are likely also favorable for future recharge facilities. The evaluations to develop master 
plan concepts found that there is more than enough vacant land in these areas for recharge needed 
through 2050, and all of the vacant land is planned for Open Space land uses. This means that the future 
recharge conveyance piping would not extend into SPA 2 and that, other than the Asante and Desert 
Oasis developments, there will be no further reuse customers that would be connected to any new 
recharge conveyance pipelines. 

The City has been building vadose zone recharge wells in the past (in SPA 1) primarily due to lack of 
available land for surface recharge basins. As in the 2008 Integrated Water Master Plan, the work 
conducted in this master plan update (see Chapter 5) found that on a 20-year life cycle basis, surface 
recharge basins are less expensive than vadose zone wells. As the availability of land for surface basin 
recharge in SPA 2 is uncertain, and to bracket the range of future capital costs that can be anticipated, 
two master plan concepts are presented herein:  

• Option 1: concept based on future use of all surface basins. 

• Option 2: concept based on future use of all vadose zone wells. 

The City indicated that the vacant land between the SPA 2 WRFs can be considered for future recharge 
facilities. Thus, other than the planned expansion areas for the Phase 2 WRF, the remaining vacant land 
between the two WRFs are assumed to be available for future recharge purposes. 

The City also indicated that they are in early discussions with the MCFCD for potential use of MCFCD 
property to the south and southeast of the Phase 2 WRF for recharge purposes. MCFCD has expressed 
interest in using the property for wetlands and other amenities for hiking and trail facilities that are being 
discussed for the property between the Beardsley Canal and State Route 303. This master plan update 
assumes that the City will be successful in acquiring portions of the MCFCD property for future recharge 
purposes. 

6.5.1 Option 1 – Surface Recharge Basins 
Figure 6-1 presents the recommended SPA 2 reclaimed water and recharge infrastructure for the Option 
1 master plan concept, including the following: 

2017 - 2020 

• 4.7 total acres of new recharge basins (infiltration area, plus roads and berms) within vacant land 
between the two SPA 2 WRFs. Recharge capacity will be expanded to 2,950 AFY. 

• New recharge conveyance piping from the existing WRFs to the new recharge basins. 

2021 – 2030 

• 18.1 total acres of new recharge basins (infiltration area, plus roads and berms) south of the Phase 2 
WRF on vacant MCFCD land. Recharge capacity will be expanded to 5,480 AFY. 
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Figure 6-1. Recommended Reclaimed Water and Recharge Infrastructure – Option 1  
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• New recharge conveyance piping from the existing Phase 2 WRF to the new recharge basins. 

• A 2.0 mgd expansion of the Phase 2 WRF to accommodate projected 2040 SPA 2 wastewater flows. 
Treatment capacity will be expanded to 5.2 mgd.  

• A reclaimed water pipeline from the Phase 2 WRF connecting to the existing pipeline running from 
the Phase 1 WRF, the new pipeline will convey reclaimed water in excess of the 1.2 mgd Phase 1 
WRF to the Asante and Desert Oasis developments. 

2031 – 2050 

• 18.8 total acres of new recharge basins (infiltration area, plus roads and berms) south and southeast 
of the Phase 2 WRF on vacant MCFCD land. Recharge capacity will be expanded to 8,140 AFY. 

• New recharge conveyance piping extending to the new recharge basins. 

• A 1.0 mgd expansion of the Phase 2 WRF to accommodate projected 2050 SPA 2 wastewater flows. 
Treatment capacity will be expanded to 6.2 mgd. 

6.5.2 Option 2 – Vadose Zone Recharge Wells 
Figure 6-2 presents the recommended SPA 2 reclaimed water and recharge infrastructure for the Option 
2 master plan concept, including the following: 

2017 - 2020 

• 2 new vadose zone wells within vacant land between the two SPA 2 WRFs. Recharge capacity will be 
expanded to 3,100 AFY. 

• New recharge conveyance piping from the existing WRFs to the new vadose zone wells. 

2021 – 2030 

• 13 new vadose zone wells (includes 6 new active wells and 7 replacement wells) within vacant land 
between the two SPA 2 WRFs. Active recharge capacity will be expanded to 5,500 AFY. 

• New recharge conveyance piping from the existing Phase 2 WRF to the new vadose zone wells. 

• A 2.0 mgd expansion of the Phase 2 WRF to accommodate projected 2040 SPA 2 wastewater flows. 
Treatment capacity will be expanded to 5.2 mgd. 

• A reclaimed water pipeline from the Phase 2 WRF connecting to the existing pipeline running from 
the Phase 1 WRF to the Asante and Desert Oasis developments. 

2031 – 2050 

• 46 new vadose zone wells (includes 7 new active wells and 39 replacement wells) within vacant land 
between the two SPA 2 WRFs, and south and southeast of the Phase 2 WRF on vacant MCFCD 
land.  It is assumed that the City will purchase the entire 14-acre MCFCD parcel immediately south of 
the WRF sites. Active recharge capacity will be expanded to 8,300 AFY. 
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Figure 6-2.  Recommended Reclaimed Water and Recharge Infrastructure – Option 2  
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• New recharge conveyance piping extending to the new vadose zone wells. 

• A 1.0 mgd expansion of the Phase 2 WRF to accommodate projected 2050 SPA 2 wastewater flows. 
Treatment capacity will be expanded to 6.2 mgd. 

6.6 Opinions of Capital Costs for Recommended Infrastructure 
Table 6-2 (Option 1 master plan concept) and Table 6-3 (Option 2 master plan concept) present listings of 
the recommended reclaimed water and recharge infrastructure, and identifies the opinion of capital costs 
to plan, design and construct the infrastructure. 

Table 6-2. Opinion of Probable Construction Costs (Option 1 – Surface Recharge Basins) 

Item Unit Cost 2017 - 2020 2021 - 2030 2031 - 2050 
Units Cost ($) Units Cost ($) Units Cost ($) 

Land $25,000/ac 0 0 18.1 ac 450,000 18.8 ac 470,000 
Recharge Basins $400/AFY 660 AFY 264,000 3,200 AFY 1,280,000 5,800 AFY 2,320,000 
Recharge Conveyance Piping 
    1    10-inch DIP $153/LF 1,188 LF 182,000 -- 0 -- 0 
    2    18-inch DIP $286/LF -- 0 2,158 LF 617,000   
    3    18-inch DIP $286/LF -- 0 -- 0 1,250 LF 358,000 
Reclaimed Water Piping 
    4    8-inch DIP $124/LF -- 0 1,328 LF 165,000 -- 0 
WRF Expansion $15/gpd -- 0 2.0 30,000,000 1.0 15,000,000 

Totals $446,000 $32,512,000 $18,148,000 

 

Table 6-3. Opinion of Probable Construction Costs (Option 2 – Vadose Zone Recharge Wells) 

Item Unit Cost 2017 - 2020 2021 - 2030 2031 - 2050 
Units Cost ($) Units Cost ($) Units Cost ($) 

Land $25,000/ac 0 0 0 0 14 ac 350,000 
Recharge Wells 
(active plus 
replacements) 

$312,000 ea 2 wells 624,000 13 wells 4,060,000 46 wells 14,350,000 

Recharge Conveyance Piping 
    1    10-inch DIP $153/LF 513 LF 78,000 - 0 - 0 
    2    16-inch DIP $246/LF - 0 476 LF 117,000 - 0 
    3    12-inch DIP $182/LF - 0 - 0 287 LF 52,000 
    4    30-inch DIP $528/LF - 0 - 0 604 LF 319,000 
    5    24-inch DIP $407/LF - 0 - 0 1,044 LF 425,000 
    6    20-inch DIP $326/LF - 0 - 0 882 LF 288,000 
Reclaimed Water Piping 
    4    8-inch DIP $124/LF -- 0 1,328 LF 165,000 -- 0 
WRF Expansion $15/gpd -- 0 2.0 30,000,000 1.0 15,000,000 

Totals $702,000 $34,342,000 $30,784,000 
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6.7 Additional Recommendations 
The following additional recommendations are made to facilitate future planning of reclaimed water and 
recharge infrastructure in SPA 2, as well as the other remaining City special planning areas. 

• Continue to periodically update the SPA 2 Reclaimed Water and Recharge Master Plan every three 
to five years.  Growth within SPA 2 is dynamic and as actual development occurs, the projected 
reclaimed water demands, reclaimed water availability, and reclaimed water and recharge 
infrastructure needs will change. 

• Carefully design future reclaimed water supply and recharge facilities based on the most current 
information on development patterns and existing infrastructure.  Interim solutions (i.e., interconnect 
between the SPA 2 Phase 1 and Phase 2 WRFs, phasing of facilities, etc.) should be considered if 
they meet the needs of the City, the community, and developers. 

• Start documenting reclaimed water demands with the objective of refining the reuse demand factors 
in the City’s Demand Module. 

• Continue documenting WRF influent and effluent flows with the objective of refining the reclaimed 
water production factor in the City’s Demand Module. 

For implementation of future required recharge facilities, it is critical for both surface basin and vadose 
zone well strategies that further site-specific investigations are conducted to evaluate the final recharge 
strategy and cost.  As part of the expanded recharge facilities design, investigations should be conducted 
to confirm or revise the assumptions used for the current cost comparisons and to address additional 
hydrogeologic considerations: 

• Operational infiltration monitoring should be conducted in a controlled manner in the existing surface 
basins to more accurately quantify the actual infiltration rates based on current operations.  This 
would provide reliable data not only for evaluating the current infiltration capacity of the existing 
basins, but also for evaluating the feasibility, land area needed, and cost effectiveness of additional 
recharge basins. 

• Detailed investigations of the vadose zone in the proposed expansion areas should be conducted in 
the expansion areas to identify where fine-grained sediments in the upper 20 to 30 feet are absent, 
thin, or shallower than other areas.  Surface basins could then be targeted for the more favorable 
areas, even if excavation depths are required to be 10 feet or slightly deeper.  The achievable 
infiltration rates in the underlying coarse-grained sediments would be expected to be much higher 
than 1 foot/day, which would result in more cost-effective basins and possibly less land area needed.  

• The relevant hydrogeologic investigations should include drilling of shallow borings to depths of 30 to 
50 feet, exploration trenching to depths of 10 feet or more, and conduct of infiltration tests.  Lithologic 
conditions should be thoroughly and carefully characterized.  Infiltration testing should be conducted 
using “small-basin” tests to provide a more accurate assessment of infiltration capacity, together with 
small-scale ring-infiltrometer tests that target specific layers of interest. 

• The current infiltration and cost assumptions for the vadose zone well strategy are based on the costs 
provided by the City for the SPA 1 vadose zone wells. It is appropriate to use their design and 
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performance as the basis for the SPA 2 wells, but these assumptions may have resulted in 
conservatively high cost estimates. Two or more of the existing vadose zone wells should be 
operated for a relatively long period to determine sustained injection rates. Additional evaluation of 
the vadose zone well replacement assumption (interval of 7 years) is also warranted as the SPA 1 
wells are approaching 7 years of operation). 

• Drying out of the existing surface basins during operation of the vadose zone wells could also provide 
an opportunity to excavate trenches in these basins to better evaluate subsurface conditions, in 
particular the presence of a fine-grained unit at shallow depths that may be limiting current infiltration 
rates.  

The SPA 2 recharge strategy should be refined as additional data is obtained based on the 
recommended investigations described above and as larger volumes of reclaimed water increase 
recharge rates at the SPA 2 facilities.  It is understood that other factors might be relevant, such as 
developing a public amenity based on recharge pond wetlands and/or other City preferences, as well as 
operational considerations.  In addition, if the existing vadose zone wells demonstrate a much higher 
injection capacity than 250 gpm, it is possible that additional vadose zone wells (shallower and less 
expensive) might fill a niche within a predominantly surface-basin facility, perhaps to meet overall 
recharge goals while reducing land area requirements if relatively small additional capacity is needed in a 
future phase. 
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1 INTRODUCTION 

In accordance with arrangements with Arcadis US, Inc. (Arcadis), Montgomery & 
Associates has prepared this report summarizing hydrogeologic conditions in the 
City of Surprise (the City) Municipal Planning Area (MPA, or planning area).  
The report will support future recharge and recovery planning for the City.  

1.1    Background 

In 2008, the City completed an Integrated Water Master Plan, which included a 
Water Resources component that projected water demands and identified a water 
supply strategy based on growth rates, regulations, and cost (Malcolm Pirnie, 
2008).  The guidance developed in this plan, based on input from the City, was for 
the City to manage development that can be supported by sustainable water 
supplies.  The recommendation to achieve this goal, based on analysis of various 
alternatives, was to serve reclaimed water to the largest reuse customers and to 
use surface basin recharge where possible to recharge the reclaimed water that is 
not being used.   

In 2010, the City obtained a Modification of Designation of Assured Water 
Supply (DAWS) from the Arizona Department of Water Resources (ADWR).  
The DAWS is based on demonstrated availability of 16,717 acre-feet (AF) per 
year in the following portfolio: 

 

 

The current DAWS is in effect through 2020.  The City is required to submit an 
Application for Modification of DAWS by December 31, 2018.  

The economic downturn of 2008 led to significant reductions in growth rate.  As a 
consequence, in 2015 the Water Resources component of the Integrated Water 
Master Plan was updated with new water demand projections and water supply 
recommendations (Arcadis, 2015).  It included updated projections of wastewater 
flows, reclaimed water availability, and demand.   

Water Supply Source Annual Supply (AF) 
Groundwater 1,032 
Central Arizona Project (CAP)  water 10,249 
Reclaimed water 5,403 
Long-term storage credits 33 
Total Available Supply 16,717 
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In May 2015, the City adopted a Reclaimed Water Policy (City of Surprise, 2015) 
that prioritizes the use of reclaimed water, as follows:  

1. Groundwater Recharge/Indirect Use: reclaimed water used to recharge in 
areas that will most benefit the City’s water supply.  

2. Direct Reuse: reclaimed water used to direct serve large reuse customers 
that are located close to the recharge conveyance pipelines. 

3. When recharge or direct reuse is not an option, the lowest priority uses in 
order of priority are: agriculture, emergency discharge, and use outside the 
City’s service area. 

In addition, the City’s reclaimed water policy is to update the water and 
wastewater demands and generation projections every 5 years.  It also specifies 
that the City will “work to develop a Groundwater Recharge and Recovery 
Program in compliance with state laws to optimize the management and use of the 
City’s reclaimed water.”  

1.2    Purpose and Scope 

The purpose of the present report is to provide a description of hydrogeologic 
conditions in City’s planning area to support recharge master planning.  The 
overall planning area is subdivided into six “special planning areas”, or “SPAs”. 
This information will assist the City in evaluating reclaimed water management 
alternatives based on feasible recharge locations.   

This report provides an overview of lithology and aquifer characteristics 
throughout the planning area, and summarizes occurrence and movement of 
groundwater, groundwater withdrawals, and existing recharge facilities within and 
surrounding the planning area.  The report concludes with a discussion of 
considerations for recharge and recovery planning. 

The work was completed under subcontract to Arcadis, in coordination with the 
City of Surprise staff. 
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2 REGIONAL HYDROGEOLOGIC CONDITIONS 

The City of Surprise is located within the West Salt River Valley basin.  
The White Tank Mountains form the southwest boundary and the Hieroglyphic 
Mountains form the northern boundary of the planning area as shown on 
Figure 1.  The very northwestern edge of the planning area is part of the 
Hassayampa basin that drains to the west of the White Tank Mountains.  
The climate is semi-arid with an average annual precipitation of 7 to 8 inches.  

2.1    Hydrogeologic Units 

The planning area is within the Basin and Range Physiographic Province of 
central Arizona.  This province is characterized by deep sediment-filled basins 
bounded by isolated mountain ranges.  The basin-fill deposits in the planning area 
are Late Tertiary to Quaternary age (Brown and Pool, 1989).  Thickness of basin-
fill sediments increases from the basin margins to the basin centers, with a 
corresponding increase in the proportion of fine-grained sediments.  

The basin-fill deposits in the planning area consist of three principal 
hydrogeologic units.  Using the nomenclature of ADWR, these units are referred 
to as:  the Upper Alluvial Unit (UAU), Middle Alluvial Unit (MAU), and the 
Lower Alluvial Unit (LAU).  A generalized geologic model for these three units 
was developed by ADWR for the entire Salt River Valley and Hassayampa basin 
(Dubas, 2010) that is shown in cross sections on Figure 2 and in plan view on 
Figures 3, 4, and 5 for the UAU, MAU, and LAU, respectively.  In addition, 
detailed lithologic logs from production wells provided by the City were analyzed 
to identify each hydrogeologic unit.  The contact between the units can be 
gradational and therefor difficult to distinguish in some logs.  The results of the 
analysis are listed in Table 1 and are also shown on Figures 3, 4, and 5.  Each 
unit is summarized below: 

Upper Alluvial Unit (Quaternary and Tertiary Age):  The UAU includes 
channel, floodplain and alluvial-fan deposits that consist chiefly of unconsolidated 
gravel, sand, and some silt.  The 2010 ADWR geologic model indicates that 
average thickness of the UAU is 200 to 300 feet in the most of planning area.  
The UAU thickness ranges from less than 200 feet along the southwestern edge of 
the planning area to as much as 400 to 450 feet along the southeast portion of the 
planning area.  Thicknesses of the UAU indicated on lithologic logs compiled 
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from well completion reports provided by the City generally agree to within about 
50 feet the thicknesses indicated in the ADWR 2010 geologic model (Figure 3).  
As shown on Figure 2, the UAU is unsaturated in the planning area except near 
the Hieroglyphics Mountain Recharge Project where it is becoming saturated due 
to ongoing recharge operations causing a rise in water levels.  Water level data are 
provided in Section 2.2.3, below. 

Middle Alluvial Unit (Tertiary Age):  The MAU includes playa, alluvial-fan 
fluvial and evaporite deposits that consist predominantly of weakly consolidated 
clay, silt, mudstone with some interbedded sand and gravel.  Along the basin 
margins, the MAU is difficult to differentiate from the UAU or LAU.  As a 
consequence, on Figure 4 the MAU is shown to be absent or have minimal 
thickness along the northern parts of SPA 5 and SPA 6 and the eastern part of 
SPA 2.  The unit thickens toward the basin centers and is deepest in the southern 
part of SPA 1, where bottom depth ranges from 1,000 to 2,000 feet below land 
surface (bls) and a total thickness ranges from 1,000 to 1,400 feet in the center of 
the basin (Figures 2 and 4).  The MAU is also thick (nearly 2,000 feet) along 
Section C-C’ through SPA 2 and SPA 3.  This unit is mostly saturated throughout 
the planning area.  Many of the City’s high capacity wells are partially or fully 
screened in this unit. 

Lower Alluvial Unit (Tertiary Age):  The LAU consists of playa, alluvial-fan 
and evaporite deposits and is underlain by a bedrock complex.  The LAU 
transitions from mainly conglomerate or sandy gravels along the basin margins to 
moderately to strongly cemented mudstone and siltstone toward the basin centers.  
The unit is deepest and thickest in the southern part of SPA 1 and along the border 
between SPA 5 and SPA 3 (Figures 2 and 5, respectively).  This unit is saturated 
throughout the planning area.  Several of the City’s high capacity wells are 
partially or fully screened in this unit. 

2.2    Groundwater Conditions 

Groundwater conditions were evaluated using two databases maintained by 
ADWR, the Groundwater Site Inventory (GWSI) and the “55” Well Registry, 
along with additional data provided by the City.  The 55 Well Registry provides 
information on all registered wells and annual pumping volumes for non-exempt 
wells.  The GWSI contains records of recent and historic groundwater level 
measurements. Additional data on Underground Storage Facilities (USFs) was 
obtained through a data request to ADWR.  
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2.2.1    Groundwater Recharge 

In addition to the City’s three permitted USFs, seven other permitted USFs exist 
in and near the planning area.  Locations of permitted USFs are shown on 
Figure 1.  Information on these USFs is summarized in Table 2, including annual 
storage volumes from 1998 through 2005, the type of facility (managed versus 
constructed USFs, or Groundwater Savings Facility (GSF)), and whether the 
facility uses effluent or Central Arizona Project (CAP) water.  The first USF 
recharge facility to operate in the area, Sun City West, now owned by EPCOR, 
began recharge operations in 1998.  This was soon followed by nine more 
facilities currently owned by CAP, City of Surprise, EPCOR, City of Peoria, and 
City of El Mirage.  The largest facility is Hieroglyphic Mountains USF, located 
adjacent to the CAP Aqueduct on the boundary between SPA 2 and SPA 4.  A 
total of 363,594 AF of CAP water has been stored at this facility from 2003 
through 2015. 

Part of the Maricopa Water District (MWD) is within the City of Surprise 
(Figure 1).  MWD is permitted as a Groundwater Savings Facility (GSF) and 
stores CAP on behalf of its water storage partners by directly using CAP water in 
lieu of pumping groundwater.  The facility is permitted for 40,000 AF/year.  
According to ADWR records, 19,010 AF was stored at this facility in 2015.  

The City of Surprise currently has three permitted USFs for reclaimed water. 
Permitted capacity and recharge facility type are summarized below.  Of these, 
SPA 1 South is currently the principal recharge facility for the City with a total 
volume of 48,401 AF stored from 1999 through 2015.  SPA 2 has stored 588 AF 
from 2011 through 2015.  The SPA 3 facility has been permitted but has not 
begun storing water.  

City of Surprise Recharge Facilities 

 SPA 1 South SPA 2 SPA 3 
Recharge Facilities 2 basins, 20 vadose 

zone wells 
2 basins (5 vadose 

zone wells not used) 
Vadose wells and 
basins planned 

Permitted Annual 
Volume  (AF) 8,066 3,584 4,256 

First year of operation 1999 2011 N/A 
Maximum Annual 
Storage (AF) 6,597 (2015) 133 (2015) 0 

Total Storage (AF, 
through 2015) 48,401 588 0 

N/A = Not available 
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Locations have been proposed for water reclamation facilities in SPA 4, SPA 5, 
and SPA 6 (Malcolm Pirnie, 2008) at the lowest elevation (down gradient end) of 
each SPA.  Future availability of reclaimed water has been projected for each 
SPA (Arcadis, 2015); however, locations, feasibility, and design of recharge 
facilities have not yet been determined.  The present report provides an overview 
of the hydrogeology of each SPA and identifies certain regions within each SPA 
that may be more successful for recharge.  

2.2.2    Groundwater Pumping  

Groundwater pumping from 2011 through 2015 within and near the boundary of 
the planning area is summarized in Table 3.  Locations of pumping wells and 
average annual pumping volumes from 2011 through 2015 are shown on 
Figure 6.  All wells are completed to pump from the MAU and/or the LAU 
because the UAU is unsaturated.  Throughout the planning area, there are twelve 
water service providers (Arcadis, 2015).  The majority of pumping is occurring in 
and near SPA 1 by three major water providers:  City of Surprise, EPCOR, and 
Maricopa Water District.  SPA 2 through 5 also have reported pumping by 
smaller water service providers, but at much lower rates compared to SPA 1.  
SPA 6 does not have any reported pumping from 2011 through 2015.  

The City of Surprise has thirteen active production wells, including 11 wells in 
SPA 1 and 2 wells in SPA 2.  The average annual total pumping volume from all 
the City’s production wells was 6,636 AF/year from 2011 through 2015.  EPCOR 
has 24 active wells in and near SPA 1, which produced an average of 7,761 
AF/year from 2011 through 2015.  MWD pumped an average of 4,438 AF/yr in 
this period from MWD wells that are in the City MPA. 

2.2.3    Occurrence and Movement of Groundwater 

The occurrence and movement of groundwater were evaluated using groundwater 
level data collected during the winter of 2015 – 2016 (October 2015 through 
March 2016).  Data were retrieved from the GWSI database and from City 
records.  Measured groundwater level depths and elevations are provided in 
Table 4.  Contours of groundwater level elevation and direction of groundwater 
movement are shown on Figure 7.  Wintertime data avoids impacts from summer 
agricultural pumping and data from a 6-month period is representative because 
the magnitude of water level change over this large area is negligible during this 
period relative to the 50-foot contour intervals shown on Figure 7.    
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Groundwater movement in the planning area is dominantly to the southeast.  
Some groundwater along the northwest edge of SPA 5 is moving south into 
Hassayampa Basin.  East of SPA 1 groundwater movement is being affected by a 
cone of depression caused by historical groundwater pumping.  Groundwater 
mounding is occurring at active recharge facilities, most notably at Hieroglyphic 
Mountains located in SPA 4 and the Sun City West and Beardsley Road facilities, 
located near the eastern boundary of SPA 1. 

Contours for depth to groundwater level for winter 2015 – 2016 are shown on 
Figure 8.  Depth to groundwater ranges from more than 600 feet bls near the 
center of SPA 4 to less than 250 feet in the southeast corner of SPA 1, and parts 
of SPA 2 near the Hieroglyphic Mountains Recharge Project.  

Summaries of historical groundwater measurements (“hydrographs”) for selected 
wells are shown on Figures 9 through 14, for SPA 1 through SPA 6, 
respectively.  Three distinct trends are observed: 

• From the early 1940s to the later 1960s and early 1970s, groundwater 
levels declined steeply due to groundwater pumping, mostly for 
agricultural use.  The steepest declines were observed in SPA 1 (Figure 9) 
and in the southern parts of SPA 2 and SPA 3, where average rates of 
decline ranged from 4 to 9 feet per year (Figures 10 and 11).  

• After the mid-1970s, the rate of decline lessened and even stabilized in 
some areas as groundwater pumping was reduced.   

• The first recharge facility in the area began recharging in 1998 and was 
followed by nine more facilities.  The combination of reduced pumping 
and active recharge caused water levels to rise in SPA 1, SPA 2, SPA 4 
and parts of SPA 5 (Figures 9, 10, 12, and 13).  The largest groundwater 
level rise has occurred at the Hieroglyphic Mountains Recharge Project, 
where average rates of rise were in the ranges of 10 to 15 feet per year in 
wells B-05-02(24bab) in SPA 4 and B-05-02(35baa) in SPA 2.  
Groundwater levels in well B-05-02(30add), 4 miles to the northwest in 
SPA 5, have been rising at a rate of about 3 feet per year since 2010, 
possibly in response to recharge at Hieroglyphic Mountains Recharge 
Project.  In much of SPA 1, groundwater levels are still 100 to 150 feet 
lower than pre-development conditions.   
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Figure 15 shows groundwater level measurements for monitoring wells at SPA 1 
South and SPA 2 recharge facilities.  Groundwater levels at SPA 1 South has been 
rising an average of 5 to 6 feet per year in MW1 and MW2A.  Monitor wells at 
SPA 2 facility show an average rise of 3 feet per year in both MW1 and MW2.  
The rise is likely not only due to the active recharge at these facilities but also due 
to background recovery from reduced groundwater pumping.   

2.3    Aquifer Characteristics 

The UAU, MAU and LAU are distinct hydrogeologic units with different 
hydraulic properties, but the three units together form the regional aquifer.  The 
UAU is unsaturated, so all major production wells pump from the MAU and 
LAU.   

Available aquifer test data from production wells completed in the last 20 years in 
the regional aquifer are shown in Table 1.  This test data was compiled from 
individual well completion reports referenced in Table 1.  The aquifer tests were 
constant-rate tests with pumping periods ranging from 24 to 48 hours.  The test 
results were analyzed for transmissivity – the ability of the aquifer to transmit 
groundwater.  A unit’s hydraulic conductivity controls the downward movement 
of water from a recharge facility and, since it is normalized for saturated 
thickness, this value can be compared between units.  In cases where it was not 
provided in the report, Montgomery & Associates estimated transmissivity using 
the Copper-Jacob method for the drawdown period (during pumping) and the 
Theis recovery method for the recovery period (post pumping).  Generally, the 
transmissivity estimated from recovery data is considered more reliable, and was 
therefore used to calculate average hydraulic conductivity of the aquifer over the 
saturated thickness tested (hydraulic conductivity = transmissivity/saturated 
aquifer thickness).  Saturated aquifer thickness was estimated as the distance from 
the top of the uppermost screened interval to the bottom of the lowermost 
screened interval.  Calculated hydraulic conductivity ranges from 3.6 to 17.3 feet 
per day (ft/day) in SPA 1; 1.4 to 5.8 ft/day in SPA-2 with the exception of Rancho 
Mercado well (50.9 ft/day); and 1.5 to 12.4 ft/day in SPA 3 (Table 1).  Only one 
aquifer test was conducted in SPA 4, for which calculated hydraulic conductivity 
is 2.1 ft/day. 

Figures 16, 17, and 18 show the hydraulic conductivity used in the latest Salt 
River Valley (SRV) model for each model layer (Freihoefer and others, 2009).  
SRV model layer one corresponds to UAU, model layer two corresponds to the 



 Hydrogeology of City of Surprise Municipal Planning Area 

  PAGE 9 

MAU, and model layer three corresponds to the LAU.  Since the UAU is 
unsaturated, all the production wells are screened in the MAU and/or LAU; thus, 
no aquifer test data is available for comparison for model layer one (UAU).  
Within the planning area, hydraulic conductivities range from 4 to 40 ft/day for 
model layer one, 1 to 29 ft/day for model layer two, and 0.3 to 20 ft/day for model 
layer three.   

These relative ranges of hydraulic conductivity generally correspond to the basin 
geology.  The UAU is relatively coarse grained with little lithification and would 
be expected to have larger hydraulic conductivities.  The MAU is finer grained 
and would be expected to have lower conductivity than the UAU.  Although the 
LAU is generally coarser grained than the MAU, it also more lithified, and 
appears to have a lower conductivity than the MAU.  The areal trends of 
hydraulic conductive also correspond to the geology.  Hydraulic conductivity is 
generally greater along the margins of the basin near the mountain front, where 
sediments are coarser grained, and is lowest along the axis of the basin. 

The aquifer test data are also shown on Figures 16, 17, and 18.  The majority of 
the production wells are screened in both the MAU and LAU, such that hydraulic 
conductivities for the two units cannot easily be compared.  The areal distribution 
of hydraulic conductivities from the aquifer tests does not show any distinct 
trends.  The largest hydraulic conductivity determined from aquifer tests is at 
Rancho Mercado 1 in the southeast corner of SPA 2.  The large conductivity may 
be related to the proximity of this well to the mountain front where sediments are 
generally coarser grained.  Near the center of the basin, hydraulic conductivity 
ranges from 1.5 to 17.3 ft/day.  Overall these ranges are similar to the ranges used 
in the SRV model. 
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3 RECHARGE AND RECOVERY PLANNING 

3.1    Recharge Planning 

In order to meet ADWR’s requirements for DAWS, the City intends to rely on 
renewable supplies of CAP water and effluent in addition to small groundwater 
allowance from ADWR.  The City’s policy is to recharge most or all of its 
effluent, with direct uses limited to locations near effluent conveyance pipelines. 
(Arcadis, 2015).  Furthermore, the City recognizes that future pumping in the 
planning area requires the groundwater to be “physically available”, which is 
defined by ADWR to be groundwater that can be pumped without exceeding a 
depth to groundwater level of 1,000 feet bls.  In order to maximize physical 
benefits of recharge and minimize groundwater level drawdown from pumping, 
the City’s policy is to recover water within the area of hydrologic impact of 
recharge facilities (City of Surprise, 2015).  The City’s policy prioritizes the use 
surface infiltration basins; however, the City has recently also been installing 
vadose wells for recharge.  The City intends to consider both surface infiltration 
basins and vadose wells in planning future recharge.  

Table 5 summarizes the conceptual criteria for evaluating recharge feasibility in a 
particular region or location with the planning area.  A scoring framework for 
“less favorable”, “favorable”, and “more favorable” is provided for each criterion.  
Ultimately, determination of technical feasibility for recharge at a given location 
will require site-specific hydrogeologic investigations; however, application of 
criteria shown in Table 5 provides a basis for identifying the relative favorability 
of a given region or location based on the regional hydrogeologic framework for 
the planning area for specific types of recharge method: surface basins, vadose 
zone wells, or deep injection wells.  

Areas with bedrock at or near land surface are excluded from consideration for 
recharge.  If fine-grained units are present in the vadose zone, vadose zone or 
deep wells could be successful at recharge.  Recharge wells are also preferable if 
sufficient land is not available to construct recharge basins.  The various recharge 
methods are described in detail in the 2008 and 2015 Integrated Water Master 
Plan and Update.  
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Conceptually, the most important hydrogeologic factors for a successful surface 
basin or vadose well recharge facility are infiltration capacity of the vadose zone, 
depth to groundwater level, and the depth and thickness of fine-grained or other 
poorly-permeable units that could impede the downward movement of water from 
the recharge facility to the aquifer.  Figure 16 shows hydraulic conductivities of 
the UAU; generally areas of higher hydraulic conductivity are better suited for 
recharge.  

The success of deep injection wells, where water is recharge directly into the 
aquifer, is determined in part by the hydraulic conductivity of the MAU and LAU 
(Figure 18).  This ranking considers more favorable areas for deep injection wells 
as those with hydraulic conductivity more than 10 feet/day, as see along the 
SPA 1 – SPA 2 border.  

Site specific infiltration rates are not part of this conceptual analysis covering the 
entire planning area; therefore, the analysis presented below only considers 
general hydrogeologic conditions in the planning area.  Site-specific 
investigations to characterize near-surface and deeper hydrogeologic conditions 
would be required prior to siting and design of any recharge facility.  

Figures 19 and 20 summarize key hydrogeologic considerations for siting a 
surface basin recharge facility:  depth to groundwater and thickness of the UAU 
and MAU.  Larger depths to groundwater are more favorable in order to have 
sufficient storage space in the vadose (unsaturated zone).  For this region where 
depth to groundwater is 200 feet or greater, a depth to water of less than 250 feet 
is considered less favorable; this condition does not occur within the planning 
area except in the immediate vicinity of the Hieroglyphics USF.  While depth to 
groundwater is not currently a fatal flaw for surface basin recharge, areas with 
deeper groundwater are considered generally more favorable (Figures 19 
and 20).  

For a similar reason, it is more preferable to have a larger thickness of UAU, 
which is generally more permeable and is unsaturated in the planning area.  The 
UAU is thinnest, less than 200 feet and therefore less favorable for recharge via 
spreading basins, along the entire western edge of the planning area covering 
about half the areas of SPAs 1, 3, and 5.  There is also an area of UAU less than 
200 feet thick along the eastern border of SPA 1 (Figure 19).   
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The MAU underlies the UAU and is generally less permeable.  The MAU can 
impede downward movement of water; therefore a thinner MAU is more 
favorable.  Less favorable areas have more than 1,000 feet of MAU, which covers 
a large part of SPA 1, extending north into SPA 3 and the western edge of SPA 2 
(Figure 20).  In conclusion, the areas that have less favorable conditions based on 
the key hydrogeologic criteria are the western half of SPAs 1, 3, and 5, the central 
part of SPA 1, and smaller areas in SPA 3 and SPA 2. 

3.2    Recovery Planning 

The City wishes to support future development with sustainable water supplies by 
recovering within the area of hydrologic impact of recharge facilities.  The area of 
impact of a recharge facility is a function of recharge rate, hydraulic properties of 
the aquifer, and duration of recharge operations.  In permitting a recharge facility, 
ADWR considers the maximum area of impact to account for all other activities in 
the region, defined as the area that experiences at least a one foot rise in 
groundwater level at the end of the permit period.  In areas with multiple recharge 
facilities, the area of impact can be very large – covering tens or even hundreds of 
square miles.  For planning purposes, the City policy considers the impact from 
its own recharge facilities.  Therefore, the impact due specifically to a city-owned 
facility should be evaluated, rather than the cumulative impact from other 
facilities in the region.  This can be assessed with groundwater modeling (either 
an analytical or numerical approach) to predict the extent of a 1 foot rise due to 
recharge operations at a specified period in time.  That specific area of impact can 
be compared to the location of current and planned municipal wells in order to 
determine if recovery wells would directly benefit from groundwater mounding 
effects of recharge.   

In addition to area of impact, other key hydrogeologic considerations for planning 
locations and design of recovery wells are depth to groundwater level, aquifer 
characteristics, and water quality.  Shallower groundwater depths and higher 
transmissivities correlate to more efficient and cost-effective pumping.  Pumping 
poor quality water could require treatment.  
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4 FUTURE PLANNING EFFORTS 

The City plans to construct recharge facilities in each of the six SPAs.  The 
present report provides a regional hydrogeologic framework and evaluation 
criteria for identifying potentially favorable regions for recharge in each SPA.  
Additional planning efforts will be needed to identify within each SPA one or 
more specific site(s) for development of recharge facilities.  The following steps 
are recommended to proceed with recharge facility siting and feasibility studies in 
a specific SPA: 

1. Look closer at the available data and divide the SPA into distinct regions 
based on hydrogeologic characteristics, existing or planned water 
infrastructure, land ownership, and/or existing or planned land uses. 

2. Develop and apply screening criteria to eliminate unfavorable regions 
from further consideration based on hydrogeologic, regulatory, and 
economic criteria. 

3. Develop preliminary ranking of remaining regions based on technical, 
regulatory, and economic criteria, and identify the highest priority 
region(s) for further consideration. 

4. If more than one high-priority region is identified, conduct additional 
analyses using existing information and/or conduct preliminary site-
specific hydrogeologic investigations to further distinguish regions and 
select the most favorable region.  Preliminary field investigations may 
include, for example, surface geophysical surveys and exploration drilling.  

5. Once the most favorable region is selected, select a recharge site for 
hydrogeologic investigations to obtain data for determining technical 
feasibility, designing recharge facilities, and obtaining regulatory permits.  
Typically these investigations include: 

• Exploration trenches to characterize near surface conditions, 
identify unfavorable and favorable infiltration media, and design 
infiltration testing program. 

• Infiltration tests to determine infiltration capacity at selected 
depths. 
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• Exploration boreholes to characterize vadose zone conditions, 
identify potential impeding layers, and (if needed) determine depth 
to groundwater level 

• Groundwater flow modeling to demonstrate that the proposed 
volume can be stored at the USF while avoiding unreasonable 
harm to other land and water users, and to project the maximum 
area of hydrologic impact at end of USF permit period. 

 
• Groundwater flow modeling to project area of impact at various 

times during USF permit period, to support selection of recovery 
well locations within the area of hydrologic impact 

 

The level of analysis and scope of site-specific investigations needed for recharge 
facility siting and feasibility studies in a specific SPA will depend on the recharge 
capacity needed and the types and amounts of previously-existing data available 
to support siting and feasibility investigations.  
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TABLE 1.  SUMMARY OF AQUIFER HYDRAULIC PARAMETERS FROM PUMPING TESTS CONDUCTED AT WELLS 
IN THE VICINITY OF CITY OF SURPRISE MUNICIPAL PLANNING AREA

Drawdown 
(Cooper-
Jacob)

Recovery 
(Theis 

Recovery)

City of Surprise Litchfield Manor 1 595273 (B-03-01)10bdd 11/3/2003 24 800 30.4 26.3 400.57 1240-1490
1530-1740

MAU, LAU
LAU 500 21,718 7,843 15.7 Clear Creek Associates, 

2006a

City of Surprise Marley Park 1 599201 (B-03-01)16bcc 1/7/2004 24 1,158 90.4 12.8 418.65

679-709
749-949

1059-1100
1300-1400
1420-1480

MAU
MAU
MAU
MAU
MAU

801 5,641 5,842 7.3 Clear Creek Associates, 
2007c

City of Surprise Mountain Vista 
Ranch 2 222531 (B-03-01)06bbc 1/21/2014 24 1,348 75.8 17.8 499 780-1180

1200-1280
LAU
LAU 500 4,889 5,802 11.6 Clear Creek Associates, 

2014

City of Surprise Rancho Gabriela 2 593638 (B-03-01)20add 2/21/2003 24 1,000 137.2 7.3 410.67

600-720
760-950

1010-1210
1320-1500

MAU
MAU
MAU
MAU

900 4,585 5,695 6.3 Southwest Ground-water 
Consultants, 2003a

City of Surprise Roseview 570748 (B-03-01)10aac 4/16/1999 24 1,882 34.0 55.4 394 1205-1755 MAU, LAU 550 11,069 9,491 17.3 Brown and Caldwell, 
2000

City of Surprise Royal Ranch 590164 (B-03-01)09bbb 5/8/2002 24 1,030 69.9 14.7 437.54
499-549
750-960

1000-1100

MAU
MAU, LAU

LAU
601 6,069 6,938 11.5 Clear Creek Associates, 

2006c

City of Surprise Sierra Verde 1 595268 (B-03-01)09abb 2/10/2004 24 1,075 58.6 18.3 421.54 989-1420
1460-1500

LAU
LAU 511 7,299 5,574 10.9 Clear Creek Associates, 

2006b

City of Surprise Surprise Center 580633 (B-03-01)05daa 7/11/2000 24 2,000 182.7 10.9 463.1 1220-1560 LAU 340 5,481 3,476 10.2 Clear Creek Associates, 
2000

City of Surprise Surprise Pointe 214257 (B-03-01)15bdd 9/13/2007 24 1,825 202.9 9.0 419.1 1250-1305
1325-1600

MAU
MAU 585 2,012 2,112 3.6 Clear Creek Associates, 

2008

EPCOR Agua Fria 4.7 (Sierra 
Montana) 204414 (B-03-02)01dbd 1/13/2005 24 1,000 89.5 11.2 440.82

580-720
750-1330

1350-1470

MAU
MAU, LAU

LAU
890 5,429 3,494 3.9 Clear Creek Associates, 

2005

Marley Park Marley Park 2 216450 (B-03-01)16cdd 6/17/2008 24 1,412 161.3 8.8 427.4 798-858
898-1289

MAU
MAU 491 2,623 3,114 6.3 ADWR image well record 

City of Surprise Desert Oasis 1 593634 (B-04-02)01bbd 7/2/2003 48 1,232 102.8 12.0 448
620-710
750-900

1250-1680

MAU
MAU
LAU

1,060 6,211 4,831 4.6 Clear Creek Associates, 
2007a

City of Surprise Desert Oasis 2 593635 (B-04-02)01bda 5/12/2003 48 1,100 84.2 13.1 452
550-680

710-1060
1250-1480

MAU
MAU
LAU

930 8,602 4,488 4.8 Clear Creek Associates, 
2007a

Lennar Asante 1 210830 (B-04-02)01bbb 12/19/2006 24 2,033 392.1 5.2 403.2 1227-1849
1889-2350

MAU, LAU
LAU 1,123 1,281 1,612 1.4 Clear Creek Associates, 

2007b

Lennar Asante 2 210828 (B-04-02)02dbc 10/12/2006 24 2,230 307.1 7.3 385.4 1350-2500 MAU, LAU 1,150 7,155 3,839 3.3 Clear Creek Associates, 
2007b

Lennar Asante 3 210834 (B-04-02)12bca 8/23/2006 24 1,116 337.7 3.3 372.7 1340-1750 LAU 410 4,377 2,388 5.8 Clear Creek Associates, 
2007b

Lennar Asante 4 210832 (B-04-02)12cda 9/1/2006 24 1,235 440.5 2.8 359.6 1400-1830
1860-2000

MAU, LAU
LAU 600 4,473 2,355 3.9 Clear Creek Associates, 

2007b

William Lyons Homes Inc Rancho Mercado 1 217031 (B-04-01)04cdc 6/30/2016 24 1,300 34.6 37.5 343.67 579-772
897-1073

LAU
LAU 494 27,806 25,132 50.9 Southwest Ground-water 

Consultants, 2016

City of Surprise Buena Vista 1 213204 (B-04-03)10aaa 11/8/2007 48 1,536 78.1 19.7 327 530-625
675-1460

MAU
MAU, LAU 930 8,556 9,358 10.1 Southwest Ground-water 

Consultants, 2008

City of Surprise Buena Vista 1 213204 (B-04-03)10aaa 12/10/2012 24 1,900 86.2 22.0 325 530-625
675-1460

MAU
MAU, LAU 930 9,050 10,227 11.0 Southwest Ground-water 

Consultants, 2012

City of Surprise Buena Vista 2 214510 (B-04-03)11bsb 10/1/2007 48 1,500 78.3 19.2 318.4 650-1072
1100-1460

MAU, LAU
LAU 810 8,155 7,352 9.1 Southwest Ground-water 

Consultants, 2012

SPA 2

SPA 1
Reference

Geologic 
Unitd

Hydraulic 
Conductivity 

from Recovery 
Test    (ft/day)g

Pre-
Pumping 

Water Level
(ft, bls)cOwner

Computed Transmissivity 
(ft2/day)fAverage 

Pumping 
Rate

(gpm)a

Maximum 
Water Level 
Drawdown

(feet) 

55 
Registry 
Number CadastralWell Identifier

Date 
Pumping 
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Duration 
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Pumping 
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Interval
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TABLE 1.  SUMMARY OF AQUIFER HYDRAULIC PARAMETERS FROM PUMPING TESTS CONDUCTED AT WELLS 
IN THE VICINITY OF CITY OF SURPRISE MUNICIPAL PLANNING AREA

Drawdown 
(Cooper-
Jacob)

Recovery 
(Theis 

Recovery) Reference
Geologic 

Unitd

Hydraulic 
Conductivity 

from Recovery 
Test    (ft/day)g

Pre-
Pumping 

Water Level
(ft, bls)cOwner

Computed Transmissivity 
(ft2/day)fAverage 

Pumping 
Rate

(gpm)a

Maximum 
Water Level 
Drawdown

(feet) 

55 
Registry 
Number CadastralWell Identifier

Date 
Pumping 
Started

Duration 
of 

Pumping 
(hours)

Specific 
Capacity
(gpm/ft)b

Perforated 
Interval
(ft, bls)

Effective 
Saturated 

Thicknesse 

(feet)

City of Surprise Buena Vista 2 214510 (B-04-03)11bsb 11/18/2012 24 1,900 94.0 20.2 314.7 650-1072
1100-1460

MAU, LAU
LAU 810 7,312 8,796 10.9 Southwest Ground-water 

Consultants, 2012

HE Capital Fox Trails LLC Fox Trails 1 587818 (B-04-03)13dcc 12/27/2001 24 732 392.4 1.9 305.3 800-1210 MAU, LAU 410 504 619 1.5 Clear Creek Associates, 
2002

KB Homes Phoenix Inc Surprise Foothills 1 209396 (B-04-03)21acb 9/28/2006 48 1,500 77.8 19.3 334 403-929
969-1198

MAU, LAU
LAU 795 8,021 7,219 9.1 Southwest Ground-water 

Consultants, 2006a

KB Homes Phoenix Inc Surprise Foothills 1 209396 (B-04-03)21acb 12/21/2012 24 1,500 71.4 21.0 337.8 403-929
969-1198

MAU, LAU
LAU 795 10,026 9,819 12.4 Southwest Ground-water 

Consultants, 2012

KB Homes Phoenix Inc Surprise Foothills 2 209394 (B-04-03)16cbb 6/23/2006 24 1,500 105.4 14.2 313.3 402-467
487-742

MAU
MAU, LAU 750 10,694 8,556 11.4 Southwest Ground-water 

Consultants, 2006b

Sun Haven Asso LLC Sun Haven Ranch 1 594056 (B-05-02)20dbb 12/5/2002 24 900 302.2 3.0 458
720-820

920-1000
1040-1460

LAU
LAU
LAU

740 1,537 1,564 2.1 Southwest Ground-water 
Consultants, 2003b

a gpm = gallons per minute
b gpm/ft = gallons per minute per foot of drawdown
c ft, bls = feet below land surface
d MAU:  Middle Alluvial Unit; LAU:  Lower Alluvial Unit
e Estimated from top of the upper most screened interval to the lower most screened interval.
f ft2/day = cubic feet per day per foot width of aquifer at 1:1 hydraulic gradient
g ft/day = cubic feet per day per square foot of aquifer at 1:1 hydraulic gradient

SPA 4

 1475.0102/Tbl1_AquiferTest.xlsx/21Jul2017 2 of 2



TABLE 2.  SUMMARY OF PERMITTED USFs IN OR NEAR CITY OF SURPRISE MUNICIPAL PLANNING AREA

Owner EPCOR
City of 

El Mirage
Maricopa 

Water District

Project Name

City Of 
Surprise 

SPA 1 South

City Of 
Surprise 

SPA 2 
Regional WRF

City Of 
Surprise 

SPA 3 WRF
Hieroglyphic 
Mountains

Agua Fria 
Managed

Agua Fria 
Constructed

Beardsley 
Road WRF Vistancia

Sun City 
West 

El Mirage 
Constructed

Groundwater 
Savings 
Facility

Permit Number
 (71-) 562521.0004 218761.0001 218760.0000 584466.0003 569775.0006 569776.0007 552497.0004 220046.0001 534362.0004 211282.0000 211282.0000

Current Permit 
Expiration Date 30/Nov/2021 14/Sep/2031 09/Jan/2032 31/Dec/2021 31/May/2019 31/May/2019 31/Dec/2024 07/Nov/2031 14/Apr/2020 16/Jun/2028 19/Jun/2025

Amount Permitted 
Per Year (AF/yr) 8,066 3,584 4,256 35,000 100,000 100,000 4,480 673 5,600 2,240 40,000

Max Volume (AF) --- 71,680.00 --- --- --- --- 210,580.00 --- --- 62,208.00 ---
Water Type effluent effluent effluent CAP CAP CAP effluent effluent effluent effluent CAP

Year
1998 --- --- --- --- --- --- --- --- 2,446.26 --- ---
1999 1,287.12 --- --- --- --- --- 512.80 --- 2,732.83 --- ---
2000 1,689.85 --- --- --- --- --- 1,006.98 --- 2,773.00 --- ---
2001 1,401.04 --- --- --- --- --- 1,290.56 --- 2,605.88 --- ---
2002 1,716.26 --- --- --- --- 12,599.42 1,558.49 --- 2,586.53 --- ---
2003 2,261.36 --- --- 23,682.22 18,077.70 10,472.56 1,761.42 --- 2,475.26 --- ---
2004 760.97 --- --- 22,857.10 18,295.70 11,533.40 1,938.74 --- 2,353.60 --- ---
2005 666.74 --- --- 25,409.70 15,490.80 10,438.20 2,189.25 --- 1,479.86 --- ---
2006 1,016.19 --- --- 29,215.66 16,054.14 11,424.03 2,229.53 --- 665.52 --- ---
2007 675.02 --- --- 28,797.89 16,541.25 11,726.46 2,631.14 --- 2,419.24 --- ---
2008 2,122.56 --- --- 29,882.04 15,451.49 9,573.02 3,067.90 --- 2,366.71 943.46 ---
2009 2,831.71 --- --- 25,812.10 15,610.65 9,393.83 2,953.11 --- 2,266.24 1,969.57 ---
2010 4,700.13 --- --- 34,968.50 15,869.60 8,258.50 2,893.35 --- 2,045.46 1,955.34 ---
2011 3,629.51 101.40 --- 28,755.16 14,774.35 10,451.94 2,594.68 --- 1,721.02 1,931.81 ---
2012 5,335.89 107.83 0.00 28,893.91 5,870.59 4,511.36 2,585.45 21.80 1,783.61 1,921.52 ---
2013 5,405.78 118.39 0.00 21,006.85 15,573.95 7,902.89 2,799.55 115.83 1,813.85 1,939.09 ---
2014 6,304.02 127.87 0.00 30,265.69 9,689.80 7,717.52 2,892.64 128.18 1,562.65 1,921.85 ---
2015 6,597.43 132.72 0.00 34,048.10 12,244.75 10,699.87 2,918.53 127.52 2,336.66 1,950.84 18,629.80

Total Recharged 48,401.58 588.21 0.00 363,594.92 189,544.77 136,703.00 37,824.12 393.33 38,434.18 14,533.48 18,629.80

AF/yr = acre-feet of water per year
AF = acre-feet
--- = Not available

Recharge Volumes After Losses, in Acre-Feet

Central Arizona 
Water Conservation DistrictCity Of Surprise City of Peoria
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TABLE 3.  SUMMARY OF REPORTED ANNUAL PUMPING FROM 2011-2015 FOR WELLS IN OR NEAR MUNICIPAL PLANNING AREA 

2011 2012 2013 2014 2015 AF/yrb gpmc

City of El Mirage El Mirage-Cottonwood 630070 (B-03-01)02acb 8/28/1978 370 844.01 841.89 835.54 433.26 387.3 668.4 414.4
City of El Mirage El Mirage-Rockwood 630071 (B-03-01)02dad 8/1/1978 1064 1266.3 1264.8 1129 977.82 808.5 1089.3 675.3
City of Surprise Ashton Ranch 1  502350 (B-03-01)08abb 1/4/2000 1170 1643.3 573.4 1843.6 1809 1555 1484.9 920.6
City of Surprise Litchfield Manor 1 595273 (B-03-01)10bdd 10/28/2003 1765 0.25 1.19 0.87 0.12 0.7 0.6 0.4
City of Surprise Marley Park 1 599201 (B-03-01)16cbb 12/15/2003 1490 808.92 395.96 605.13 699.33 777.6 657.4 407.6
City of Surprise Mountain Vista Ranch 1 576973 (B-03-01)06bdd 12/18/1999 1310 806.6 797.77 827 854.61 215.4 700.3 434.2
City of Surprise Orchards 1 581372 (B-03-01)05abb 8/1/2000 1360 859.74 1725.5 1260.9 1617.2 425 1177.7 730.1
City of Surprise Rancho Gabriela 1 589835 (B-03-01)17ddc 7/10/2002 1400 352.98 151.33 2.47 7.75 27.01 108.3 67.1
City of Surprise Rancho Gabriela 2 593638 (B-03-01)20add 12/31/2002 1520 698.43 328.84 326.55 562.21 745.4 532.3 330.0
City of Surprise Roseview 570748 (B-03-01)10aac 4/22/1999 1765 448.85 795.17 321.03 555.97 741.6 572.5 354.9
City of Surprise Royal Ranch 590164 (B-03-01)09bbb 5/23/2002 1130 43.94 172.2 5.18 0.47 1.08 44.6 27.7
City of Surprise Sierra Verde 1 595268 (B-03-01)09abb 11/16/2003 1510 307.38 943.96 669.04 304.59 321 509.2 315.7
City of Surprise Surprise Center 580633 (B-03-01)05daa 7/1/2000 1580 124.8 396.39 512.95 87.63 733.2 371 230.0

EPCOR --- 212491 (B-03-01)19bcb 9/26/2006 1058 452.58 515.8 454.76 214.91 182.9 364.2 225.8
EPCOR --- 807594 (A-04-01)31bba 6/30/1999 --- 454.81 437.76 397.93 394.29 421.6 421.3 261.2
EPCOR Agua Fria 595241 (B-03-02)11aab 8/9/2003 1090 140.11 111.27 93.85 122.95 78.13 109.3 67.8
EPCOR Agua Fria 1.1 (Sun Village 1) 623682 (B-04-01)33acc 9/1/1956 700 499.95 10.29 88.26 85.59 6.82 138.2 85.7
EPCOR Agua Fria 1.2 (Sun Village 2) 575445 (B-04-01)33bad 2/4/2000 1120 533.9 694 292.8 256.81 239.4 403.4 250.1
EPCOR Agua Fria 1.4 (Sun Village 4) 605761 (B-03-01)03bbb 11/14/1946 524 461.24 590.09 234.62 183.65 196.7 333.3 206.6
EPCOR Agua Fria 1.5 (Sun Village 5) 587293 (B-04-01)33bab 10/1/2001 950 588.69 617.08 239.49 243.27 245.7 386.8 239.8
EPCOR Agua Fria 2.1 (Sun City Grand 1) 553671 (B-04-01)29dbb 5/8/1996 1050 402.63 386.81 369.33 312.42 399.1 374.1 231.9
EPCOR Agua Fria 2.2 200558 (B-04-01)32aaa 7/6/2004 1150 423.76 635.32 417.3 82.17 385.2 388.8 241.0
EPCOR Agua Fria 2.3 (Sun City Grand 3) 573654 (B-04-01)29bca 7/29/1999 1140 276.89 514.46 309.34 347.87 351 359.9 223.1
EPCOR Agua Fria 3.1 (Sun City Grand 5) 565447 (B-04-02)36adc 4/8/1998 1100 488.79 681.07 777.51 604.57 759.2 662.2 410.5
EPCOR Agua Fria 3.2 (Sun City Grand 6) 565446 (B-04-02)36dbb 3/19/1998 1100 670.59 728.27 745.55 886.45 712.9 748.8 464.2
EPCOR Agua Fria 3.3 591439 (B-04-02)36bda --- 1080 587.48 181.17 611.51 879.36 507.5 553.4 343.1
EPCOR Agua Fria 3.4 202096 (B-04-02)25acb 8/10/2004 1150 772.26 735.72 790.73 1017.4 828.2 828.9 513.9
EPCOR Agua Fria 4.2 (Arizona Traditions 2) 555779 (B-04-02)35bdd 8/6/1996 1120 75.37 248.15 161.82 134.78 75.87 139.2 86.3
EPCOR Agua Fria 4.3 (Arizona Traditions 3 ) 590166 (B-04-02)35bab 4/5/2002 1050 356.38 192.62 253.54 253.69 204.8 252.2 156.4
EPCOR Agua Fria 4.5 593407 (B-03-02)01bdd 2/5/2003 1205 266.94 305.62 221.33 286.57 270.7 270.2 167.5
EPCOR Agua Fria 4.7 (Sierra Montana) 204414 (B-03-02)01dbd 11/15/2004 1480 387.93 353.24 244.78 288.63 289.3 312.8 193.9
EPCOR Agua Fria 8.3 598979 (B-03-02)10abd 9/24/2003 841 56.79 35.97 32.86 66.23 67.77 51.9 32.2
EPCOR COTTON-BELL 604500 (B-03-02)01bbb 1/1/1951 1000 333.86 502.27 125.92 62.97 6.98 206.4 128.0
EPCOR Happy Trails 1 604498 (B-04-02)35cbb 1/1/1948 910 145.48 103.78 97.15 139.23 24.42 102 63.2
EPCOR Sierra Montana 592749 (B-03-02)10add 10/25/2002 990 61.36 36.85 36.97 45.55 34.94 43.1 26.7
EPCOR Surprise Farms - PRCL 2 202092 (B-03-02)02bda 11/29/2004 1055 0.13 28.59 121.36 189.12 168.8 101.6 63.0
EPCOR Surprise Farms 6 PRV 576971 (B-03-02)02add 10/20/2000 1160 136.13 180.67 175.5 295.55 261.5 209.9 130.1

Maricopa Water District --- 612956 (B-04-02)24bcd 5/27/1997 1050 62.99 80.26 75.58 83.67 38.84 68.3 42.3
Maricopa Water District --- 612965 (B-04-01)19bcd 6/1/1957 1000 85.85 72.36 126.93 138.65 149.2 114.6 71.0
Maricopa Water District --- 612968 (B-04-02)25baa 12/15/1956 1000 114.15 159 109.7 297.14 213 178.6 110.7
Maricopa Water District --- 612969 (B-04-02)26aba 2/27/1962 1000 127.51 111.25 120.06 209.95 100.9 133.9 83.0
Maricopa Water District --- 612970 (B-04-01)30abb 6/1/1964 1500 57.76 38.07 16.26 14.96 188.4 63.1 39.1
Maricopa Water District --- 612971 (B-04-01)30dcd 5/1/1955 1025 0 15.09 0 0 0 3 1.9
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TABLE 3.  SUMMARY OF REPORTED ANNUAL PUMPING FROM 2011-2015 FOR WELLS IN OR NEAR MUNICIPAL PLANNING AREA 

2011 2012 2013 2014 2015 AF/yrb gpmc

Reported Groundwater Withdrawals 
from 55 Database (AFa)

Owner Well Identifier
55 Registry 

Number
Well Depth 

(feet)

Average (2011-2015)Cadastral 
Location

Date 
Completed

Maricopa Water District --- 612972 (B-04-02)26dbb 2/1/1938 857 103.94 110.42 295.78 224.49 81.9 163.3 101.2
Maricopa Water District --- 612973 (B-04-02)26ddd 6/1/1954 1000 165.98 121.68 141.03 130.48 127.4 137.3 85.1
Maricopa Water District --- 612974 (B-04-02)26dcb 2/1/1958 1000 88.51 98.8 103.22 108.91 149.1 109.7 68.0
Maricopa Water District --- 612980 (B-04-02)34dba 3/10/1959 1002 64.91 120.08 88.3 0 81.8 71 44.0
Maricopa Water District --- 612985 (B-03-02)11baa 5/7/1956 996 167.72 195.78 123.47 135.13 83.36 141.1 87.5
Maricopa Water District --- 612989 (B-03-02)10dcc 1/21/1964 1490 88.86 153.9 194.01 209.67 79.54 145.2 90.0
Maricopa Water District --- 612990 (B-03-02)13baa 3/7/1994 1000 88.94 256.74 296.61 181.4 221.9 209.1 129.6
Maricopa Water District --- 612991 (B-03-02)14baa 4/15/1955 1050 133.33 167.68 179.25 131.15 173.4 157 97.3
Maricopa Water District --- 612992 (B-03-02)15aaa 9/18/2001 1000 161.91 83.83 518.95 396.64 181.9 268.6 166.5
Maricopa Water District --- 612993 (B-03-02)14bdd 3/1/1957 1000 199.96 151.4 301.45 267.82 180.1 220.1 136.5
Maricopa Water District --- 612996 (B-03-02)23baa 6/7/1955 1000 157.86 206.09 254.75 454.96 329.6 280.7 174.0
Maricopa Water District --- 612997 (B-03-02)23aaa 6/7/1954 1032 192.28 217.09 187.07 193.87 0 158.1 98.0
Maricopa Water District MWD - 4-6 612979 (B-03-01)06baa 8/30/1954 1000 123.9 488.95 497.5 528.41 455 418.7 259.6
Maricopa Water District MWD - 612978 612978 (B-03-02)03baa 5/29/1958 1000 302.41 120.15 167.88 127.39 194.4 182.4 113.1
Maricopa Water District MWD - 612983 612983 (B-03-02)03cba 1/29/1957 1000 66.68 105.07 85.69 10.6 5.88 54.8 34.0
Maricopa Water District MWD - 612984 612984 (B-03-02)10bba 2/20/1957 1000 80.78 204.93 199.17 232.4 213.6 186.2 115.4
Maricopa Water District MWD - WADDELL WF 612988 (B-03-02)10caa 11/11/1954 1000 74.84 70 67.38 38.67 41.5 58.5 36.3
Maricopa Water District MWD - 613017 613017 (B-03-02)02cbc --- 1000 57.59 140.77 133.72 76.56 114 104.5 64.8
Maricopa Water District MWD - 4-1 612976 (B-03-02)01aaa 10/18/2005 923 13.02 133.59 144.66 48.86 59.73 80 49.6
Maricopa Water District MWD - Arizona Tradition 612981 (B-04-02)35ccc 7/6/1954 985 0 32.43 316.49 261.45 208.1 163.7 101.5
Maricopa Water District --- 604493 (B-04-01)19bbb 1/1/1951 1146 10.84 9.9 17.03 25.32 4.64 13.5 8.4
Maricopa Water District --- 612975 (B-04-02)36baa 1/1/1959 1104 47.08 0 0 0 0 9.4 5.8
Maricopa Water District --- 612986 (B-03-02)12baa 11/26/1999 1000 38.24 0 48.33 110.47 102.1 59.8 37.1
Maricopa Water District --- 612987 (B-03-02)12aaa 8/1/1970 1200 92.76 257.75 197.61 148.76 177.2 174.8 108.4
Maricopa Water District MWD - 516893 516893 (B-03-02)02baa 5/15/1987 1000 116.92 105.97 74.21 94.21 58.2 89.9 55.7
Maricopa Water District MWD - MINNESOTA TITLE WSF 612995 (B-03-02)23aaa 8/3/1998 517 145.6 211.29 104.8 185.81 128.8 155.3 96.3

AZ Department Of Transportation --- 617465 (B-03-02)24abb 9/30/1981 1050 1294 725 0 0 0 403.8 250.3
Del Webb Home Construction Inc --- 604497 (B-04-01)32bbc 1/1/1951 0 25.66 22.46 16.2 10.8 131.5 41.3 25.6

Desert Leasing, LLC --- 617464 (B-03-02)24bbc 3/27/1948 1160 0 0 541.98 369 401 262.4 162.7
Marley Park Community Asc, Inc. Prod-612438 (Marley HOA) 612438 (B-03-01)17baa 1/1/1978 1800 273.89 183.7 195.8 245 219.8 223.6 138.6

Suburban Land Reserve, Inc. Prod-604504 604504 (B-03-02)22abb 4/1/1966 1100 0 93.16 0 0 0 18.6 11.5
Surprise / Dysart Properties --- 628488 (B-03-01)15cbb 5/15/1954 729 0 0 0 0 574.3 114.9 71.2

City of Surprise Desert Oasis 1 593634 (B-04-02)01bbd 7/4/2003 1700 468.87 471.06 424.59 495.74 459.4 463.9 287.6
City of Surprise Desert Oasis 2 593635 (B-04-02)01dba 5/13/2003 1500 23.92 2.92 13.48 4.28 21.83 13.3 8.2

Commonwealth Title --- 605382 (B-05-02)25ccc 3/30/1980 650 34.72 34.77 34.77 34.77 36.31 35.1 21.8
Cori Ross --- 581557 (B-04-01)06aba 6/26/2000 675 4.47 4.8 0 0 0 1.9 1.2

Nichole or Eric Emler --- 515880 (B-05-01)32ddd 2/2/1987 800 2.96 3.34 2.01 1.36 0.5 2 1.2
Rosas Water LLC --- 565749 (B-04-01)06acb 6/12/1998 590 5.858 0 0 4.844 6.86 3.5 2.2
Sunrise Tree Farm --- 590169 (B-04-01)18bdc 6/24/2003 800 125 135 180 0 98 107.6 66.7

Saguaro View Management --- 618636 (B-05-02)25dcc 3/30/1980 650 65.7 66.16 68.13 67.3 0 53.5 33.2

Beardsley Water Co. --- 618472 (B-04-02)10abd 11/18/1968 707 7.24 0 0 0.96 0.3 1.7 1.1
Beardsley Water Co. --- 618473 (B-04-02)10bca 1/1/1971 693 73.39 50.25 77.14 74.81 79.34 71 44.0
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